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AHSTRAC'T 

'riu'  infliu'iu-e  of  ovarian  hornumes  on  tho  pituitary  thyroid  system  was 
investi^ijated  in  rats  receiving  propylthiouracil  by  observing  the  effect  on  the 
size  of  th(‘  resultant  goiter.  It  was  confirmed  that  estrogen  interfered  with  full 
goiter  development  and  it  was  demonstrated  that  jirogesterone  enchanced  goiter 
formation.  When  both  hormones  w(>re  combined,  the  n'sults  were  the  algehraic 
sum  of  the  individual  effects.  It  is  concluded  that  estrogen  and  progresterone 
have  opjiosing  effects  upon  the  pituitary-thyroid  system. 

NO  UNANIMOUS  concept  of  the  effect  of  estrogen  on  thyroid  function 
has  emerged  and  endured,  despite  con.siderable  investigation.  It  has 
lieen  suggested  tliat  estrogens  influence  the  thyroid  gland  in  several 
counterhalancing  ways:  (a)  by  inhibition  of  thyrotrophic  (TSII)  release 
from  the  hypophysis  (1),  (b)  by  potentiation  of  TSII  action  at  the  thyroid 
level  (2,  d),  (c)  by  diminution  of  peripheral  utilization  of  thyroxin  (4),  and 
(d)  by  increa.sing  the  thyroid  secretion  rate  (5). 

Castrated  adrenalectomized  male  rats  given  estradiol  benzoate  in  varied 
do.ses  (10,  20  and  oO  mk)  foi‘  one  week,  showed  similar  in  vivo  increases 
in  P*'  uptake  by  the  thyroid.  Although  no  correlation  between  dosage 
and  effect  could  be  seen,  the  overall  in  vilro  uptake  of  P**  by  the  thy¬ 
roid  glands  of  rats  treated  for  one  week  with  oO  to  300  mK  of  estradiol 
benzoate  daily,  was  larger  than  that  of  untreated  control  animals  (0).  On 
the  other  hand,  uptake  of  tracer  doses  of  P®'  by  thyroids  of  female  rats  was 
not  influenced  by  ovariectomy  or  by  administration  of  ovarian  hormones 
(7).  Stoddard  et  al.  (8)  found  no  con.si.stent  alteration  in  concentration  of 
serum  precipitable  iodine  either  acutely  (days)  or  chronically  (months) 
ifter  castration  of  young  women. 

Protein  bound  iodine  levels  (PHI)  were  determined  in  3  females  in  the 
reproductive  period  having  normal  menses  and  in  2  males  on  consecutive 
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(lays  for  a  period  of  at  least  one  month.  In  the  females  during  the  luteal 
phase  of  the  cycle,  PBI  levels  were  higher  and  oscillation  in  values  greater 
than  during  the  follicular  phase.  “The  PBI  curves  for  the  two  males  were 
.similar  and  the  curves  for  the  three  females  re.sembled  each  other;  however, 
there  was  no  similarity  between  the  curves  for  males  and  tho.se  for  fe¬ 
males”  (9). 

When  propylthiouracil  was  used,  e.strogen  cau.sed  a  reproducible  effect 
upon  thyroid  size  which  varivxl  in  accordance  with  dose  and  phy.siological 
.state  of  the  animals  (10).  In  such  experiments  estrogen  interfered  .signifi¬ 
cantly  with  the  goitrogenic  action  of  propylthiouracil  (PTU)  in  the  adult 
rat. 

Since  estrogen  reduces  goiter  formation,  one  might  expect  progesterone 
to  produce  the  opposite  effect.  There  are  few  studies  of  the  influence  of 
progesterone  on  thyroid  activity,  viz:  Emge  reported  that  “shortterm” 
parenteral  estrogen  (in  doses  of  200  i.u.  ketohydroxyestrin  o  times  a  week 
for  10  weeks)  given  to  castrated  rats  on  long  term  goitrogenic  diet  had  no 
effect  on  thyrohyperplasia,  although  parenteral  progesterone  (in  doses  of 
0.2  I.u.  at  .same  dose  and  time)  caused  decreased  thyrohyperplasia  (11).  On 
the  other  hand,  Meloni  (12)  studied  the  effect  of  proge.sterone  (in  10,  20,  30, 
and  50  mg.  doses)  on  unstimulated  rat  thyroid  and  suggested  that  proge.s¬ 
terone  increased  thyroid  activity.  His  criteria  were  histological.  Welch  (13) 
showed  a  significant  increase  in  average  follicular  .size  of  the  thyroid  gland 
in  rats  given  1  mg.  of  progesterone  for  7  days.  When  proge.sterone  and  2 
mg.  of  premarin  or  2  mg.  of  premarin  alone  were  given  for  7  days,  the  follic¬ 
ular  size  decrea.sed  to  control  levels. 

The  differences  in  interpretations  of  the  effects  of  e.strogen  on  the  thy¬ 
roid  gland  and  the  paucity  of  information  about  the  influence  of  proges¬ 
terone  on  the  thyroid,  prompted  us  to  study  the  effect  of  progesterone 
alone  and  combined  with  estrogen,  on  goitrogenesis  in  the  rat. 

M.\TERIALS  AM)  METHODS 

Two  succ(‘ssivt‘  ('xporhiK'iits  wore  carried  out  usinf!;  a  total  of  one  hundred  sixty-two 
Si)ranue-])awley  all)ino  virgin  rats,  with  initial  weights  ranging  from  199-227  gin. 

Animals  were  kejit  under  identical  conditions  excejit  for  variations  in  drug  a<l- 
ministration.  They  were  given  Purina  fox  chow  and  tap  water  nd  libitum. 

Injections  of  projiylthiouracil  (PTE)  and  ovarian  hormones'  were  performed  daily 
for  20  days  and  the  animals  sacrificed  on  the  day  following  the  last  injection.  Two  mg. 
of  PTE  were  injected  suhcutaneously  ilaily,  suspendi'd  in  ()..i  cc.  of  distilled  watiT  with 
an  ecpial  (piantity  of  gum  acacia  added  as  disiiersing  agent.  Estradiol  benzoate  (.50  ng) 
and  progesterone  (3. .5  mg.)  were  injected  suhcutaneou.sly  daily  in  0.1  ce.  sesame  oil  singly 
or  in  combination  as  indicated.  ,\11  animals  received  the  same  volume  of  distilled  water 
and  sesame  oil  throughout. 


'  We  are  indebted  to  Dr.  (leorge  Babcock  .Jr.,  Schering  Corporation,  for  donations  of 
estradiol  and  progi^sterone,  and  to  Dr.  Stanton  M.  Hardy,  I.ederle  Division,  .Vmerican 
Cyanimid  Company,  for  supplying  the  jiropylthiouracil. 
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Table  1.  Kkkect  ok  ovarian  hormones  on  thyriod  weioht 

OK  RATS  RECEIVINT.  PROPYLTHIOURACIL 


Experimental  Treatment 

No.  of 
.Animals 

Mean 

Body 

Weight 

gms. 

Mean  Thy¬ 
roid  Weight/ 
100  gm.  B.W. 

mg. 

Experiment  .1 

Sesame  oil  +  water 

10 

■247 

4.8 

Sesame  oil  +2  mg.  PTU 

20 

248 

25.0 

.50Mg  Estrogen  +2  mg.  PTU 

20 

•234 

‘20.8 

:i.5  mg.  Progesterone +2  mg.  PTU 

20 

241 

‘28.1 

.iO/ag  Estrogen +.‘1.5  mg.  Progesterone +2  mg. 

PTU 

20 

227 

22.2 

Experiment  H 

Sesame  oil  -1-2  mg.  PTL 

10 

212 

21.5 

oOag  Estrogen +2  mg.  PTU 

10 

186 

16.9 

:1.5  mg.  Progesterone +2  mg.  PTU 

10 

226 

‘23.7 

50Mg  Estrogen +.1.5  mg.  Progesterone +2  mg. 

PTU 

10 

217 

19.8 

Drug  dosages  were  chosen  to  provide  maximum  thyroid  weight  changes  so  that 
relationships  between  the  hormones  might  be  amplified. 

At  autopsy  thyroid  glands  were  dissected  clean  and  weighed  to  the  nearest  0.1  mg. 
on  a  torsion  balance.  The  glands  were  fixed  in  formalin  and  examined  histologically. 

The  results  were  evaluated  statistically  by  analysis  of  variance  (14). 

RESULTS 

Re.sults  obtained  are  .summarized  in  Tal)le  1.  Thi.s  work  eonfirm.s  that 
e.strogen  interferes  .significantly  with  full  PTU  goiter  formation  (10).  Hats 
given  PTU  and  progesterone  show  a  .significant  increa.se  in  thyroid  weight 
over  control  PTU  animals  in  Kxperiment  B  verifying  the  borderline  results 
of  Experiment  A.  When  progesterone  and  estrogen  are  given  together  the 
result  is  roughly  the  algebraic  sum  of  the  individual  effects  of  the  two 
hormones.  The  probability  values  are  given  is  Table  2.  In  both  experi- 


Table  II.  Statistm’al  evaluation  ok  experimental  data 


(Thyroid  Weights  in  Mg.  per  100  (Jm.  Body  Weight) 


Experiment  \ 

No  Estrogen  (No  E)  ] 

Estrogen  (E) 

Difference(E  — No  10) 

No  Progesterone  (No  P) 

25.0 

‘20.8 

-4.2 

Progesterone  (P) 

28.1 

j  —  5 .  tl 

Difference  (P  — No  P) 

+  3.1 

+  1.4 

Within  Group  S.l).=5.4  mg. 

percent. 

Estrogen  associateil  with 

average  decline  of  5.0  (P  <0.001) 

iVogesteroiie  associated  with  average  increase 

of  2.2  (P<0.1  hut 

>0.05) 

Experiment  B 

1  No  Estrogen  (No  E) 

j  Estrogen  (E) 

^Difference  (E— No  E) 

No  Progesterone  (No  P) 

21.5 

!  16.9 

-4.6 

Progesterone  (P) 

1  23 . 7 

19.8 

'  -3.9 

Difference  (P  — No  P) 

+  2.2 

I  +  2.9 

1 

Within  Group  S.D.=3.3  mg.  percent. 

Estrogen  associated  with  average  decline  of  4.:i  (significance  1*  <0.001) 
Progesterone  associated  with  average  increase  of  2.0  (l’<0.0.')) 
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nuMits,  tlic  decliiK'  willi  rsiro^cM  is  <*(Misi(l(*ral)ly  j^ivatt'r  than  llio  incroaso 
associated  with  ])rof>;ost(‘ronc  in  the  doses  {jiven. 

Because  of  the  lower  standard  deviations  in  l‘]x|)eriinent  H  as  well  as  the 
slightly  ditVerent  level  of  the  results  obtained  in  the  two  experiments, 
I'^xperinients  A  and  B  can  not  he  combined  for  statistical  purposes  and  are 
considered  separately. 

Microscopic  examination  of  the  goitrous  thyroids  of  all  the  experimental 
groups  fails  to  reveal  cytological  changes  which  are  distinguishable  from 
those  produced  by  PTU  alone.  Further  histologic  studies  are  in  progress. 

DISCUSSION 

These  experiments  suggest  that  estrogen  and  progesterone  have  opposing 
effects  upon  thyroid  function.  This  antagonism  seems  to  indicate  a  greater 
activity  for  estrogen  than  progesterone  at  the  dosage  levels  employed. 

Our  data  indicate  progesterone  may  produce  stimulation  of  the  pitui¬ 
tary-thyroid  system.  This  is  in  keeping  with  the  clinical  observation  of 
increased  size  of  the  thyroid  gland  during  pregnancy,  and  in  some  individ¬ 
uals  before  each  mensis. 

The  specific  character  of  these  interrelations  is  currently  under  investiga¬ 
tion  in  patients  with  thyroid  and  ovarian  disease. 
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KFFFXT  OF  THYROTROPIIIX  OX  THE  METABOLISM 
OF  IODIDE*^  IX  THE  THYROID  OLAXD 


SHKIKXOBF  XA(;ATAK1,'  KAZFOSIHZIME 
AM)  SHKJIX)  OKIXAKA 

I’rof.  OkiHnkfi’s  Medical  Clinic,  School  of  Medicine,  I  'niversit!/  of  Tokyo, 

Hongo,  Tokyo,  Japan 

AHSTHA(’T 

Iodide''"  :iiid  IMII'"  in  the  iiit(‘rial  and  tliyroid  venous  l)lood  obtained  by 
catheterization  in  2S  dof^s  was  ini'asun'd  to  study  tin*  (‘ffi'ct  of  'I'SH  on  tlie  re¬ 
lease  and  uptake  of  iodide'-'". 

When  tlie  p;landular  orj^anie  iodine  was  lal)(>le<l  by  tlie  injection  of  1""  prior 
to  the  exi)erinients,  release  of  iodide*""  by  TSH  was  far  more  intense  than  that 
by  KSC'X,  even  if  tin*  T  S  ratio  was  decreased  to  less  than  of  the  initial 
value  by  the  injection  of  KSC'X.  On  the  contrary,  the  release*  eef  ieeeliele*""  by 
'I'SH  was  endy  te*in|)e)rary  anel  ele*finite*ly  smalle*r  than  that  by  KSC'X  whe*n  all  eef 
the*  1'-'"  in  the*  thyreeiel  was  ke*pt  in  the*  feerin  eef  ieeelieh*  by  the*  aelininistratie)n  e»f 
ine*thyl  nie*re*ai)te)imielaze>le*. 

The*  ratiees  eif  ieeelide''"  tee  PJ}1''"  in  the*  thyreeiel  ve*ne)us  enitput  we*re*  e  e)inpare*el 
with  the*  ratiees  eef  ieieleetyreesine*'^'  tee  ie»ele>thyre»nine*'’'  in  the*  thyreeiel  iflanel. 

\\  he*the*r  TSH  was  }jive*n  eir  met.  beeth  ratiees  we*re*  e*epial  whe*n  nu*thyl  me*r- 

eapteeiniidazede  was  injeete*el  tee  pre*ve*nt  the*  reutilizatieen  eef  ieeeliele;  when  me*thyl 

ine*re*a])te(iinielaze)le*  was  e)initte*el,  the*  latte*r  was  f!;re*ate*r  than  the*  fe)rme*r.  The* 

rate*  eef  eernanie*  binelin}r  eef  ieeeliele*""  was  eale*ulateel  freein  the*  e)ut])Ut  e)f  ieMliele*'-" 

anel  PHI"",  anel  the  rath)  eef  ieeeleetyreesine*""  te)  ieeeleethyreenine*"".  It  was  sheewn  ! 

that  the  e)r>ianie  bineliiif!;  e)f  ieeeliele*''"  was  aee'e*le*rate*el  within  a  few  minute*s  afte*r 

the*  injectie)!!  e)f  TSH. 

Kreein  the*se*  e*xi)e*riine*nts,  it  is  e*e)ne*luele*el  that  in  the*  physieeleegie*  state,  ieeelieh* 
is  always  pre)elue*e*el  freem  thyre)(j;le)bulin  in  the*  thyreeiel,  but  it  is  ne)t  elise*harjfe*el 
frenn  the*  uliH"!  be*e*ause*  the*  e*a|)ae*ity  feer  eerfianie  binelin(>;  eef  ieeeliele*  e*xee*e*els  the* 
ieielieh*  i)re)elue*tie)n.  Heeth  i)re)te*e)lysis  e)f  thyreenleebulin  anel  eerffanie*  bineliiifi  eef 
ieeeliele*  are*  ae*ee*le*rate*el  within  a  fe*w  ininute*s  when  oO  te)  2000  I'.S.P.  milliunits 
)le)fi  e)f  TSH  is  };ive*n.  He)we*ve*r,  in  the  initial  phase  of  its  ae*tie)n  the  rate*  e)f 
ieeeliele*  i)re)eluetie)n  freein  ie)ele)tyre)sine*  e*xe*e*e*els  the  rate*  e)f  eernanie*  binelin^  e)f 
ieeeliele,  anel  this  re*sults  in  the  re*le*ase  e)f  ieediele  freeni  the*  thyreeiel  (flanel  in  aeleli- 
tie)n  to  PHI.  The*  thyreeiel  fjlanel  starts  te)  ae*e*umulate*  ie)eliele*  several  he)urs  late*r, 
since  the  ine  re*ase*el  i)re)te*e)lysis  e)f  thyre)fjle)bulin  te*rminate*s,  as  juelne*el  fre)in  the* 
e)Uti)ut  e)f  PHI,  while*  the*  ine*re*ase*el  rate*  e)f  e)r}>;anie*  binelinf!;  e*e)ntinue*s. 

IT  H.\S  l)eeu  well  estahlished  that  TSH  accelerates  the  release  of  thyroid 
hormone  ami  increases  the  uptake  of  inorganic  iodine  hy  the  thyroid 
gland.  While  the  acceleration  of  the  hormone  release  takes  place  within 
several  minutes  after  the  injection  of  TSH,  there  is  a  latent  period  of 

H(*e(*iv(*d  .\u5i;ust  2.‘J,  1000. 

'  Pi-es(*nt  a(hlr(*ss:  'I'horndiki*  .M(*morial  Laboratory  and  .Second  ami  Fourth  (Har¬ 
vard)  .M(*dical  S(*rvic<*s,  Hoston  C'ity  Hospital,  and  tin*  I )(*i):irtm(*nt  of  .M(*dicin(*,  Har¬ 
vard  M(*dical  School,  Hoston,  Massachus(*tts. 
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several  hours  before  the  thyroid  gland  starts  to  increase  its  uptake  of 
inorganic  iodine  (1,  2,  3).  Recently  it  has  been  reported  that  TSH  rel(‘as(‘s 
inorganic  iodine,  in  addition  to  PBI,  from  the  thyroid  in  the  early  phase  of 
its  action  (4,  5,  (i,  14). 

In  order  to  study  the  mechanisms  of  these  phenomena,  we  have  at¬ 
tempted  to  identify  the  precursors  of  the  released  iodide  and  to  establish 
the  time  response  relationships  between  the  release  and  uptake  of  both 
organic  and  inorganic  iodine. 

MATERIALS  AND  METHODS 

'I'wcnty  cinht  male  dogs  weighing  about  10  kg.  and  maintained  on  a  low  iodine  diet 
for  two  W(*eks  wcTe  utilized.  In  twenty  two  tlog.s,  100  to  .iOO  /ze.  of  earrier  free*  !•’*  wen* 
injeeted  intramuseularly  to  label  the  glandular  iodine  twenty  hours  to  seven  days  prior 
to  the  experiments.  In  six  dogs  ((Iroup  II  and  III)  a  similar  amount  of  1'”  was  injeeted 
two  hours  after  the  administration  of  200  mg.  of  methyl  mereaptoimidazole,  and  the 
experiments  were  .started  20  hours  thereafter.  I'lider  morphine  anesthesia  (100  mg.),  a 
miflline  incision  was  made  in  the  n(*ek  to  di.sseet  out  the  thyroid  glaiul  and  its  vessels. 
'I'he  thyroid  venous  blood  samiiles  were  eolleeted  from  polyethylene  tubes  instated  into 
the  inferior  thyroid  veins.  .V  catheter  was  jdaeed  in  the  femoral  artery  to  collect  arterial 
blood  samples  ami  to  measure  arterial  blood  pressun*.  Another  catheter  was  inserted 
into  the  femoral  vein  to  infuse  hei)arin  and  tin*  test  substance  <luring  the  (*xi)erimental 
jH'riod.  Blood  transfusion  was  u.sed  if  neez'ssary  to  maintain  constant  blood  i)ressure. 
•Vt  intervals  of  1.5  to  ‘M)  minutes  during  the  control  and  exi)erimental  p(>riods  blood 
samples  wen*  eolleeted  from  tin*  catheters  in  the  thyroid  veins  and  b'moral  artery,  and 
blood  pressure  at  each  eolle(  tion  time  was  recorded.  The  blo(»d  flow  of  the  thyroid  vein 
was  estimated  by  means  of  the  volume  of  blood  eolh'cted  during  each  interval. 

Measurement  of 

Samples  from  the  thyroid  veins  and  femoral  artery  were  centrifuged  to  s(*parate  1  ml. 
of  plasma.  Raclioaetivity  of  the  plasma,  m<*asur(*d  in  a  well  type  scintillation  counter  for 
o  minutes,  represented  the  total  plasma  radioactive  iodine.  Five  nd.  of  20%  triehloro- 
aeetie  acid  was  added  in  tin*  same  tube  to  preeij)itate  the  jirotein  bound  iodine,  and  the 
precipitate  was  washed  twice  with  .5  ml.  of  10%  trichloroacetic  acid.  The  activity  of  the 
precipitate  redissolved  in  0..5  ml.  of  2N  sodium  hydroxide,  which  was  measured  in  a 
well  type  scintillation  counter  for  .5  minutes,  represented  the  PBI”'  concentration  in  1 
ml.  of  plasma.  The  concentration  of  inorganic  ifxline'^'  was  exi)res.sed  as  the  difference 
between  the  total  activity  and  that  of  tin*  PBI”'. 

Radio  pa  perch  ro  matogra  ph  ir  tech  n  ic 

About  100  mg.  of  the  thyroid  gland  was  removc'd  and  homogeniz(*d  in  h  ml.  of  veronal 
buffer  (7),  pH  8.6,  which  contained  methyl  mereaptoimidazole,  10“^M,  in  order  to 
l)revent  the  further  oxidation  of  iodide.  .Vfter  boiling  homogenates  for  h  minutes,  2  mg. 
each  of  trypsin  and  pancreatin  were  added.  Hydrolysis  was  allowed  to  proceed  at  38°  (' 
for  48  to  72  hours.  An  additional  2  mg.  of  trypsin  and  pancreatin  were  added  at  24  hour 
intervals.  Following  dige.stion,  0.1  ml.  of  homogenate*  was  j)Iac<*d  on  Toyo  No.  50  filter 
l)ai)(*r  in  a  butanol-acetie  acid  wat(*r  (7.5-10-15)  ascending  system  for  15  to  20  hours. 
The  paperchromatogram  was  then  cut  into  0.5  cm.  horizontal  strips  for  radioactivity 
measurement  in  a  well  type  scintillation  counter. 
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Estimation  of  the  output  of  Elil'-*'  and  iodide'-'^. 

Output  of  PHI'*' 

=  (coucentration  of  PHI""  iu  tlu“  thyroid  venous  plasma  — couccntration  of  PHI""  iu 
the  femoral  arterial  plasma)  X  plasma  flow  of  thyroid  vein. 

Out])ut  of  iodide"" 

=  (eoneeiitratiou  of  iodide""  iu  the  thyroid  venous  plasma  — eoiieeiitration  of  iodide"" 
iu  the  femoral  arterial  plasma)  X( plasma  flow  of  thyroid  vein  +  r(‘d  cell  flow  of 
thyroid  vein  X  1.0  1.8)* 

RESULTS 

(iroup  I  (-i  experiments) 

was  injected  20  hours  before  the  experiment  to  lal)el  the  {glandular 
iodine.  Following  canulation  and  after  stabilization  of  blood  flow,  a  control 
Iteriod  of  1^0  minutes  was  allowed  to  elap.se,  then  ()..>  gm.  of  KSC'X  was 
administered  intravenously  over  a  period  of  15  minutes. 

Additional  KSCX  was  given  in  saline  at  the  rate  of  0.1  gm.  per  hour. 
One  USP  unit  of  TSH  was  injected  intravenously  hours  after  KSCX 
administration,  and  the  effect  of  TSH  was  observed  for  00  minutes.  .Vs 
shown  in  Fig.  l.V,  Table  1,  release  of  iodide''*'  from  the  thyroid  gland  was 
observed  immediately  after  the  injection  of  KSCX,  reaching  a  peak  within 
an  hour.  When  TSH  was  administered  5  hours  after  KSCX,  the  release  of 
iodide'®'  increased  intensely,  in  spite  of  the  decrease  in  the  iodide  concen¬ 
trating  mechanism  produced  by  KSCX". 

The  output  of  PHI'®'  was  not  changed  by  the  injection  of  KSC’X. 

(iroup  II  (J  experiments) 

Two  hundred  mg.  of  methylmercaptoimidazole  was  administered  intra¬ 
venously  2  hours  before  P®'  injection  to  prevent  the  organic  binding  of  I'®' 
and  an  additional  50  mg.  of  methyl  mercaptoimidazole  was  injected  at 
five-hour  intervals.  One  U.S.P.  unit  of  TSH  was  inject (‘d  20  hours  after  th(* 
I'®'  injection.  KSCX  was  administered  2  or  5  hours  after  TSH  in  a  manner 
similar  to  that  used  in  Croup  I,  to  compare  the  effects  of  TSH  and  KSCX. 

The  release  of  iodide'®'  initiated  by  TSH  was  temporary,  lasting  only 
about  90  minutes.  It  was  le.ss  intense  than  that  cau.sed  by  KSCX  (Fig. 
1  B,  Table  1). 

*  Hocausv  iodide  is  distril)uted  in  both  plasma  and  red  cells  in  the  ratio,  1.8: 1.0, 
while  practically  all  of  the  protein  bound  iodine  is  in  plasma  (8,  9). 
hXperiments  were  designed  with  resi)ect  to  the  following  (piestions: 

Eart  I.  {Groups  /,  //,  III) 

to  find  whether  the  ndea.sc*  of  iodide  is  due  to  ileiodiiiation  or  is  due  to  a  change  in 
the  permeability  of  cell  membranes. 

Part  II.  (Groups  IV,  F,  17) 

to  determine  the  natun*  of  the  precursor  of  the  iodide  released  by  TSH,  and  to  study 
the  timeresponse  ndatiouships  between  the  release  and  organic  binding  of  iodide, 
accelerated  by  TSII, 
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Fig.  1.  K<‘i)r(‘s(‘iitativ(‘  cxprrinu'uts 
in  (irou|)s  I,  II,  III. 

When  tlu‘  glandular  oif^anic  iodiiu'  was 
Ial)(“I('d  by  the*  injection  of  I'^'  jnior  to  tlie 
e.xperinients,  release  of  iodidi''-'*'  aftcM-  TSII 
administration  was  far  more  intense  tlian 
that  caused  by  KS('N,  even  if  tin*  I'/S 
ratio  was  decreased  by  the  injection  of 
KS('X  (.V.  (Iroup  I). 

On  the  other  hand,  tlie  release  of  io- 
diile'”  by  'I'SH  was  only  temporary  and 
the  total  was  definitely  smaller  than  that 
cau.si'd  by  KSCN  when  all  of  the  P'"  in  the 
thyroid  was  kept  in  tlu‘  form  of  iodide  by 
the  administration  of  methyl  mercaptoim- 
idazole  (H.  (irouj)  11). 

When  organic  iodine'-'  in  the  thyroid 
uland  was  ih'creased  by  antithyroi<l  drun 
treatment  for  ‘,i  weeks,  the  ratios  of  io¬ 
dide'”  release  by  'I'SH  to  that  by  KSCN 
became  lower  than  the  correspondini' 
values  in  Kroiij)  11  (('.  (Irouj)  III). 


'FaBI.K  1  UksI  I.TS  of  KXI’KHIMKNTS  IX  GROUPS  I,  II  AND  III 


Group 

NO. 

Dog 

NO. 

Time 

otter 
r  inj. 

(hours) 

Oistrib. 

ot 

1"' 

Period 

of 

Time 
to  reach 
max. 
out  put 

(minutes) 

Max  out  put 
ot  org.  iodine 

{“"Ms  mm.) 

Max.  out  put 
ot  Inorg.  Iodine 

(®«'?»^I5  min.) 

control 

5  9  0 

-  1  980 

1 

20 

KSCN 

3  0' 

4  9  3 

2460 

inorg. 

T  S  H 

6  0' 

8700 

40000 

control 

5  4  8 

-  749 

I 

96 

org.  a 

KSCN 

6  0' 

3  0  7  0 

49  1  0 

inorg. 

TS  H 

6  0' 

119  0  0 

28000 

_ 

control 

3  4  6 

-  1  620 

3 

20 

KSCN 

3  0' 

2  4  0 

e  1  1  0 

inorg. 

T  S  H 

6  0' 

14  0  0 

19460 

control 

2  0900(  1.0) 

4 

20 

inorg 

T  S  H 

1  6' 

69800(  3.3) 

KSCN 

<1  5' 

22S000(  108) 

control 

4  462(  1.0) 

11 

5 

20 

inorg 

T  S  H 

1  5' 

I7  4I0(  3A) 

KSCN 

1  5' 

78200(  17.6) 

control 

_ ^ 

3I6(  1.0) 

6 

20 

inorg 

TSM 

3  0' 

3801  l.l) 

KSCN 

<1  6' 

38e0(  12.7) 

control 

I287(  1.0) 

7 

20 

inorg. 

T8H 

3  0' 

2760(  2.1) 

KSCN 

<1  5' 

67  7  72  (  44.6) 

I 

control 

980(  1.0) 

1 

8 

20 

inorg 

T8H 

6  0' 

7  83  0(  7.8) 

KSCN 

<1  6' 

1  30000(1320) 

control 

- - 

1  1  60(  1.0) 

9 

20 

in<jtg. 

TSH 

3  0' 

8  4  00(  8.8) 

KSCN 

<1  B' 

^00^ 

9  1  2  00(  79.0; 
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Idroup  III  {'i  experiments) 

l^xperimeiits  similar  to  those  in  (Jroup  II  were  performed,  except  that 
the  (logs  were  given  oO  mg.  of  methyl  mercaptoimidazole  daily  for  If  weeks 
1  prior  to  the  experiments. 

The  ratio  of  iodide'^'  release  by  TSH  to  that  by  KS('X  became  lower 
I  than  the  corresponding  values  in  (Iroup  II.  (Fig.  1  C',  Table  1). 

Doses  of  KSeX  u.sed  in  these  experiments  Avere  sufficient  to  lower  the 
'F/^  ratio  to  lf()%±7%  (without  methyl  mercaptoimidazole)  and 
±’f%  ('vith  methyl  mercaptoimidazole)  of  the  initial  values. 

!  (Iroup  IV  (4  experiments) 

Ratios  of  labeled  iodotyrosine  to  iodothyronine  before  and  after  d'Sll 
injection  Avere  compared  in  the  .same  thyroid,  in  both  methyl  mercapto- 
imidazole  treated  and  untreated  dogs.  1*'**  Avas  injected  21  hours  before  the 
experiment.  Tavo  hours  after  the  administration  of  200  mg.  of  methyl 
I  i.^ercaptoimidazole,  TSH  Avas  injected  intravenously.  One  pole  of  the 

thyroid  Avas  removed  just  before  TSH  injection,  and  l.o  hours  later,  the 

(other  pole  of  the  same  thyroid  Avas  also  removed.  Both  fragments  Avere 
analyzed  by  chromatography.  The  function  of  the  gland  Avas  apparently 
preserved  in  spite  of  the  injury,  as  judged  l)y  the  normal  respon.se  in  the 
output  of  I'*'  in  the  thyroid  vein. 

As  shoAvn  in  Table  2,  the  difference  betA\een  the  ratios  of  labeled  iodoty- 
rosine  to  total  I'*‘  before  and  after  the  injection  of  TSH  Avas  insignificaid. 

(iroup  r  (10  experiments) 

P’’*  Avas  injected  20  hours  to  o  davs  before  the  experiments.  The  experi- 

1 


TaBI.K  '2.  HksI  I.TS  ok  K.\  CKRIMKNTS  I\  <iHOl  l’  I\ 

III  this  uroiip  P’*  was  injected  ‘24  hours  jirior  to  the  experiments.  'I'he  percent  of  iodo- 
l.vrosine  was  not  atTeeted  liy  TSII.  The  ainonnt  of  iodide  in  the  f!;h*'id  was  less  than  l(t% 
ill  all  experiments  and  was  not  affected  liy  TSII.  H;  rifjht  thyroid,  L:  left  thyroid. 


Methyl 

merca(^o 

imktQZOle 

Dog 

NO. 

Period 

of 

I 

M  1  T 
m 

D  1  T 

«) 

Ts  +  T4 
(%) 

MIT+DIT 

Total!*) 

control 

60.0 

34  5 

5.5 

94.5 

1 

TSH 

61  .5 

3  1.5 

7.0 

93.0 

control 

62.0 

31.5 

6.5 

93.5 

TSH 

60.0 

34.5 

5.5 

94  5 

control 

56.0 

30.0 

14.0 

86.0 

treated 

P 

TSH 

51  .0 

34.5 

14.5 

85.5 

control 

54.0 

30.0 

16.0 

84.0 

TSH 

58.0 

28.0 

14.0 

86.0 

control 

34.0 

46.0 

20.0 

80.0 

X 

TSH 

43.5 

39.0 

1  7.5 

82  5 

o 

control 

33.0 

53  0 

14.0 

86.0 

TSH 

53  5 

33  0 

13.5 

86.5 

control 

47.0 

45.0 

8.0 

92.0 

untreated 

A 

TSH 

28  5 

58.0 

13.5 

86.5 

control 

42.0 

50.5 

7.5 

92.5 

TSH 

36.0 

53.5 

1  0.5 

89  5 
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A  ^ 
Group  V 

(■tier  TM) 


r  -  0.92 

096±0.(» 


%  of  iodotyrosine 


B 


I 

■8 


Group  V 

(b*f«r*  TSH) 


r  -  0  88 

096*003 


K  of  iodotyroslne 


Fig.  2.  Correlation  between  tlie  ratios  of 
iodide*^*  to  total  I'®*  in  the  thyroid  venou.s 
output  and  the  ratios  of  iodotyrosine'®* 
to  total  1‘®*  in  the  thyroid  ^land. 

Whether  TSH  was  given  or  not,  lioth 
ratios  were  equal  when  methyl  mereapto- 
imidazole  was  injeeted  to  prevent  the 
reutilization  of  iodide  (.V.  B.;  Group  V); 
when  methyl  mereaptoimidazole  was  omit- 
te<l,  the  latter  was  greater  than  the  former 
(C;  Group  VI). 


C 


8 

* 


Group  VI 

(•fttr  TSN) 


r  -  o  90 

-  0  69*005 


%  of  iodotyrosine 


merits  were  sorted  2  hours  after  the  injection  of  200  mg.  of  methyl 
mereaptoimidazole  to  prevent  the  reutilization  of  iodide. 

.After  a  control  period  of  30  to  45  minutes,  1  U.S.P.  unit  of  TSH  was 
injected  intravenously,  and  the  effect  of  TSH  was  observed  for  00  to  90 
minutes  thereafter.  Thyroids  were  then  removed,  homogenized,  hydrolyzed 
and  analyzed  by  paperchromatography.  The  ratios  of  labeled  iodotyrosine 
to  iodothyronine  in  the  thyroid  glands  were  compared  with  the  ratios  of 
iodide'^'  to  PBI*®*  in  the  thyroid  venous  output,  before  and  after  the 
injection  of  TSH. 

During  the  experimental  period  after  the  injection  of  TSH,  the  correla¬ 
tion  coefficient  between  iodide*®*  total  P®*  in  the  thyroid  venous  output 
and  iodotyro.sine*®*  total  P®*  in  thyroglobulin  was  0.92  (P<0.01)  and  the 
ratios  of  both  values  averaged  0.96  ±0.08  (Mean  ±S.E.)  (Fig.  2.A,  Table  8). 
During  the  control  period  before  the  injection  of  TSH,  the  correlation 
coefficient  was  0.88  (P  <0.01)  and  the  average  of  the  ratios  was  0.96  +  0.08 
(Fig.  2B,  Table  8).  That  is,  when  the  thyroid  glands  were  blocked  by  the 
injection  of  methyl  mereaptoimidazole  to  prevent  the  organic  binding  of 
iodide,  the  ratios  of  iodide*®*  to  PBP®*  in  thyroid  venous  output  were  al¬ 
ways  equal  to  the  ratios  of  labeled  iodotyrosine  to  iodothyronine  in  the 
thyroid  gland,  whether  exogenous  TSH  was  given  or  not  (Fig.  8A). 


Group  VI  {5  experiments) 

The  procedure  used  for  this  group  of  dogs  was  similar  to  that  of  group 
V,  except  that  the  injection  of  methyl  mereaptoimidazole  was  omitted. 
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TaBI.K  :<■  UksI  I.TS  of  KXI'KRIMKNTS  IN  ('.Rol  l'  V  AND  VI 

lodotyrosiiie"’* /total  I”*  in  thyroKlohulin  (%). 

It:  Iodide'®' /total  I'®'  in  the  thyroid  venous  output  before  TSH  injeetion  (%). 
lodide'®'/total  I'®'  in  the  thyroid  venous  output  after  TSH  injection  (%). 


Oroup 

Thyr. 

Dog 

Time 

otter 

A  M 
MIT+DI^ 

iodid* 

-"^iodidd+PBi 

B  . 

c  . 

B  . 

NO. 

NO. 

NO. 

1  inj. 

(days) 

^T,4^4 

HITfOIT 

B(K) 

before 

TSH 

C  (N) 
Otter 
TSH 

^A 

Z 

V 

1 

1  R 

1 

63 

69 

110 

2 

k. 

1 

63 

63 

1  00 

3 

2  R 

2 

70 

68 

57 

0.9  7 

0  81 

1.20 

4 

3  R 

1 

83 

74 

86 

0.89 

1.04 

0.86 

% 

5 

4  R 

1 

87 

76 

65 

0.87 

0.75. 

1.17 

6 

5  R 

200 

98 

97 

98 

6.99 

1.00 

0  99 

-  096±003 

7 

3  R 

1 

93 

90 

97 

6.97 

1 .04 

1  00 

8 

L 

93 

86 

90 

6.93 

0.97 

0  89 

9 

7  R 

J ! 

ae 

84 

68_ 

0.98 

.0.79 

1.24 

10 

L 

2 

79 

_  7  0 

1  62 

0.91 

113 

1  1 

8  R 

5 

71 

56 

7  1 

6.7  9 

1  00 

0  79 

Vc 

12 

Li 

5 

§1 

67 

0.82 

1.08 

0.76 

=  l.03±0O4 

13 

9  R 

5 

fl 

78 

6  4 

1.2  0 

0  99 

1.22 

14 

L 

5 

fs 

54 

1.07 

0.93 

1.15 

15 

1  0  R 

5 

64 

II 

66 

1.0  1 

1.03 

0  99 

16 

L 

5 

77 

7? 

70 

096 

0  91 

1. 06 

Vf 

1  7 

1  1  R 

1 

92 

AiS 

74 

neg 

0.74 

neg 

18 

L 

1 

91 

neo 

69 

neg 

0.76 

neg 

19 

12  R 

1 

66 

neg 

29 

neg 

0.44 

neg 

20 

L 

1 

50 

neg 

27 

neg 

054 

neg 

21 

1  3  R 

5 

84 

neg 

53 

neg 

0.66 

neg 

22 

L 

5 

86 

neg 

SO  “ 

neg 

0.58 

neg 

23 

1  4  R 

2 

68 

neg 

70 

neg 

0.79 

neg 

oe9±oos 

24 

L 

2 

88 

neg 

57 

neg 

0.65 

neg 

25 

1  5  R 

1  , 

62 

neg 

63 

neg 

1 .0! 

neg 

26 

_ L. 

_ 1 _ 

7  1 

neg 

54 

neg 

0  76 

neg 

Fig.  3 

Representative  experiment  in  group 
V  (Dog  No.  10).  Note  the  ratios  of 
iodide'®*  to  PBl'®'  were  always  con¬ 
stant. 

B.  Representative  experiment  in  Group 
VI.  (Dog.  No.  13).  The  rate  of  or¬ 
ganic  binding  was  accelerated  by 
TSH  within  a  few  minutes. 

- '  output  of  PBI'®'. 

- output  of  iodide'®'. 

- calculated  produc¬ 
tion  of  iodide.'®* 

=^--  ^  =  amount  of  iodide'®' 

bound  organically. 
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TaBI.E  4.  CllA.\(iE  OF  ORC.AMC  BIXDlxr,  OF  I‘”  BY  TSTI 

Xotc  that  the  organic  l>in(ling  was  accelerated  t>y  TSH.  The  period  of  observation  of 
'I'SII  effect  in  this  group  is  from  45  to  tiO  minutes  after  the  injection  of  TSIl. 


Dog 

No. 

Period 

of 

MIT+DIT 

Tatol^g^ 

Output 
of  per 
(‘^.0 

Calculated 
Production 
of  Iodide'*' 

Measured 
Output 
of  Iodide'” 

Amount 
ot  Iodide'*' 
bound  org. 
(•%•) 

1 1 

R 

control 

T  8  N 

9  2 

5 

2555 

57 

29400 

-1310 

3970 

1  367 

25430 

L 

control 

TSH 

9  1 

79 

3620 

600 

36600 

-  1  960 
3670 

2700 

32930 

12 

R 

TSH 

6  6 

900 

25050 

1  746 
40700 

-6740 

1  0  500 

8486 

38200 

L 

control, 

T  6  H 

5  0 

600 

25200 

600 

25200 

-3990 

7440 

4590 

1  7760 

13 

R 

control 

TSH 

8  4 

1  20 

9400 

672 

49400 

0 

1  7200 

672 

32200 

L 

control 

T  8  H 

8  6 

1  40 

1  034 

960 

31  500 

1  1  0 

5070 

7  50 

26430 

14 

R 

control 

T  S  H 

8  8 

209 
52  5 

1  53  2 
3850 

-426 

1  340 

1  960 
2510 

L 

control 

T  6  H 

8  8 

210 

1  4400 

1  540 

1 05800 

-1  700 

22550 

3240 

83250 

15 

R 

control 

TSH 

6  2 

1  40 

000 

242 

1  305 

-1  035 
-937 

1  277 
224  2 

L 

control 

T  8  H 

7  1 

38 

551 

93 

1  3  50 

-1  53  0 
-1  030 

1  623 

3  1  80 

In  this  {j;roup  of  animals,  the  ratios  of  iodide''^’  total  1*®'  to  iodoty- 
rosine'''”/t<>tdl  I‘^‘  averaged  0.()t)±0.()o  (Mean  ±S. 10.),  indicating  that  a 
certain  fraction  of  the  iodide''*'  produced  in  the  thyroid  was  reutilized  and 
Itound  organically.  In  order  to  express  the  rate  of  organic  binding  of 
iodide''",  the  following  formula  was  used: 

Amount  of  iodide'*'  bound  organically 

=  calculated  amount  of  iodide'^'  produced  in  the  gland  — measured 
output  of  iodide'*'  from  the  gland. 

('alculated  amount  of  iodide'*'  produced  in  the  gland 

.  .  e  ,^1..,-..  %  of  iodotvrosine'*'  in  thvroglobulin 

=  output  of  I’BI'*' X  .  ‘  .  .  ■ 

%  of  iodothyronine'*'  in  thyroglobulin 

.\s  shown  in  Fig.  dB  and  Table  4,  the  rate  of  organic  binding  was  ac¬ 
celerated  by  the  injection  of  TSH  apparently  within  several  minutes. 

DISCUSSION 

It  has  been  reported  recently  that  TSH  releases  inorganic  iodine,  in 
addition  to  PBI,  from  the  thyroid  in  the  early  phase  of  its  action  (o,  (i).  It 
is  still  undecided,  however,  whether  the  release  of  inorganic  iodine  is  due 
to  deiodination  of  some  products  of  the  increase  in  thyroglobulin  proteoly- 
.sis,  or  if  it  is  due  to  a  change  in  the  permeability  of  the  epithelial  cel! 
membranes  (o).  The  nature  of  the  precursor  of  the  iodide  discharged  inti' 
thyroidal  venous  blood  in  response  to  the  administration  of  TSH  is  also 
yet  unknown  (0). 

In  our  experiments,  when  the  glandular  organic  iodine  was  labeled  b_\ 
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prior  iiij('(*l ion  of  f'*',  (lie  ivloaso  of  iodide''*'  by  d'Sli  was  far  iiKue  intense 
than  that  elicited  by  KSC'X,  this  was  true  even  wlien  the  d'  S  ratio  was 
(irst  decreased  to  less  than  ")0%  of  the  initial  value  by  i)revious  injection  of 
KSCX.  However,  the  release  of  iodide""  by  TSH  was  only  temporary  and 
the  total  was  definitely  smaller  than  that  by  KSCX  if  all  of  the  I""  in  the 
thyroid  was  kept  in  the  form  of  iodide  by  the  administration  of  methyl 
mereaptoimidazole.  This  temporary  release  of  iodide""  by  TSH  seems  to  be 
due  to  the  production  of  iodide'-'  from  the  organic  iodine  by  the  admin¬ 
istration  of  TSH,  since  this  release  of  iodide''"  became  much  smaller  when 
the  amount  of  iodide''-'  produced  in  response  to  TSH  was  decreased  by 
previous  methyl  mereaptoimidazole  treatment  for  d  weeks. 

From  these  experiments  it  is  concluded  that  the  release  of  inorganic 
iodine  in  response  to  TSH  is  due  to  production  of  iodide  from  organii* 
iodine. 

.Vs  for  the  precursor  of  iodide  released  by  TSH, 

1)  The  accelerating  effect  of  TSH  on  the  deiodination  of  free  iodotyrosine 
((),  10)  would  not  give  a  sufficient  explanation  of  the  release  of  iodide, 
because  the  amount  of  organic  iodine  not  combined  with  thyroglobulin  was 
smaller  than  the  amount  of  iodide  in  the  thyroid  gland,  and  the  release  of 
iodide  by  TSH  was  more  intense  than  that  by  KSCX  as  shown  in  Croup  I 
cx))eriments. 

2)  Thyroid  hormone  was  not  deiodinated  in  the  thyroid  (11). 

It  was,  then,  suspected  that  the  release  of  iodide  by  TSH  was  due  to 
deicdination  of  iodotyrosine  derived  from  proteolysis  of  thyroglobulin  (12). 

To  test  this  hypothesis,  after  the  injection  of  TSH,  the  ratios  of  iodide"" 
to  DIH''"  in  the  thyroid  venous  output  and  the  ratios  of  labeled  iodotyro¬ 
sine  to  iodothyronine  in  thyroglobulin  were  compared.  It  would  be  ex- 
l)ected,  if  the  deiodinated  iodotyrosine  were  the  source  of  the  iodide 
released  from  the  thyroid  gland,  that  the  ratios  of  iodide""  to  PHI''"  should 
vary  in  strict  parallelism  with  the  ratios  of  labeled  iodotyrosine  to  iodothy¬ 
ronine.  Both  ratios  were  always  the  same. 

The  ratio  of  iodide'®'/ total  I'®'  and  iodotyrosine'®'/ total  I'®'  were  similar 
in  the  control  period  if  only  methyl  mereaptoimidazole  was  injected.  These 
ratios  were  lower  than  1.0  in  both  the  control  and  experimental  periods  if 
methyl  mereaptoimidazole  was  omitted,  as  shown  in  Group  \T. 

The  fact  that  the  average  of  these  ratios  in  the  treated  dogs  (Group  V) 
was  slightly  below  1.0,  might  be  due  to  an  incomplete  effect  of  methyl 
tiercaptoimidozole  in  l)locking  the  organic  binding. 

In  these  experiments,  only  I'®'  was  measured  and  the  specific  activity  was 
not  measured.  Assuming  that  radioactive  iodine  and  stable  iodine  l)ehave 
.11  the  same  way  in  the  thyroid  gland,  it  may  be  concluded  that,  in  the 
lormal  physiologic  state,  iodide  is  always  produced  from  thyroglobulin  in 
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the  thyroid  in  addition  to  PBI,  but  not  discharged  from  the  gland,  because 
the  capacity  for  organic  binding  of  iodide  exceeds  the  rate  of  iodide 
production  (intrathyroidal  iodide  cycle)  (13).  But  once  oO  to  2000  U.S.P. 
milliunits  dog  of  TSH  is  given,  the  iodide  production  exceeds  the  organic 
binding  and  a  net  iodide  discharge  from  the  thyroid  gland  occurs. 

It  is  well  known  that  there  is  a  latent  period  of  several  hours  before  the 
thyroid  gland  starts  to  increase  its  uptake  of  inorganic  iodine,  while  the 
acceleration  of  hormone  release  takes  place  within  several  minutes  after 
the  injection  of  TSH  (1,  2,  3).  Our  results,  however,  should  raise  the 
question  as  to  whether  this  delayed  acceleration  of  iodide  uptake  is  due 
actually  to  the  delayed  acceleration  of  organic  binding  or  to  the  reutiliza¬ 
tion  of  iodide  produced  from  thyroglobulin,  masking  the  accelerated 
organic  binding  of  iodide.  To  explore  this  question,  the  rate  of  organic 
binding  of  iodide  was  calculated  according  to  the  results  of  group  V 
experiments.  The  organic  binding  was  apparently  accelerated  by  TSH 
within  several  minutes,  as  shown  in  Group  VI. 

From  our  experiments,  it  is  concluded  that  TSH  accelerates  both 
proteolysis  of  thyroglobulin  and  organic  binding  of  iodide  within  several 
minutes.  The  observed  net  release  of  iodide,  in  addition  to  PBI,  from  the 
thyroid  gland  in  the  initial  phase  of  TSH  action,  is  explicable  if  the  rate  of 
iodide  production  from  iodotyrosine  derived  from  hydrolyzed  thyroglobu¬ 
lin  exceeds  the  rate  of  organic  binding.  The  thyroid  gland  is  observed  to 
start  to  accumulate  iodide  several  hours  later.  This  may  be  explained  on  the 
basis  of  the  termination  of  the  increased  proteolysis  of  thyroglobulin, 
while  the  increased  rate  of  organic  binding  continues. 
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KFFIXT  OF  PKIUT’TAXK( )US  APPLK'ATIOX  OF  TIOSTO- 
STFROXF  PROPIOXAT1-:  AXD  OF  FSTRADIOL  BFXZOATF 
OX  TIIF  TOTAL  A('ID  AIU(X)POLYSA(X’HARIDKS 
OF  RAT  SKIX 

DAVID  A.  ALLALOUF  and  AHTHFIi  BFR 

Knilocriiiologivdl  Ik purltm  ut  of  the  Rogofl  Medienl  Research  Institute, 

Reitinson  Ilospital,  Retail  Tikva,  Israel 

ABSTRACT 

Tlic  effect  of  |)ereutaiie(ms  ai)plicati(m  (»f  oil  solutions  of  testosteroiu'  pro- 
pionate  and  estradiol  heiizoateon  the  lev(ds  of  total  aeid  miieoi)olysaeehai  ides 
were  examined  in  rat  skin. 

.Vfter  7  days  of  treatment,  testostmone  propionate*  produeed  a  sifjnificant 
increase  in  the  level  of  uronic  acid  (0.02.5  <p  <().()"))  and  a  slifiht  increase  of 
hexosamine  (0.0.5  <p  <0.1 )  hy  comparison  with  homoloKons  parts  of  skin  of 
control  oil  treated  rats.  Wlu'ii  treatment  lasteal  14  days  a  slight  increase  in  the 
concentration  of  uronic  acid  and  not  of  he.xosamint'  was  noted.  \  tendency  of 
estradiol  henzoate  to  cause  a  decrease  of  uronic  acid  concentration  in  rats 
treat(‘d  for  7  days  was  (thserved  while  14  days  treatment  did  not  affc'ct  tin* 
levels  of  eitlu'r  constituent.  'I'he  results  seem  to  aftree  with  the  effects  of  sex 
hormones  on  cocks’  comh. 

It  is  sufiKcsted  that  the  chanf>;es  in  the  levels  of  the  sex  hormones  in  the 
organism  rather  than  their  actual  levels  are  resi)onsil)l(‘  for  the  effi'cts  obtained. 

IX  UI'XM-'.XT  years  considerable  investisation  lias  been  carried  out  on 
acid  inucopoly.saccharides  in  connective  tissues  and  on  the  changes  in 
their  metabolism  caused  by  various  external  factors.  There  have  been 
.several  reports  on  the  po.s.sil)le  mechanism  involved  in  the  changes  in  acid 
inucopoly.saccharides  metabolism  in  connective  ti.s.sue  after  treatment  ^vith 
adrenocortical  hormones.  Less  information  is  available  concerning  the 
action  of  .sex  hormones  in  this  respect. 

The  elTect  of  testosterone  administration  on  comb  growth  in  cocks  is  well 
known.  Ludwig  and  Boas  (1)  found  that  growth,  differentiation  and 
mucopoly.saccharide  content  of  the  comb  were  dependent  on  androgen 
stimulation  and  they  identified  hyaluronic  acid  as  a  major  mucopoly.sac¬ 
charide  component  of  its  intercellular  ground  substance.  Similar  results 
were  obtained  on  capons  by  Ber  and  Mikolajezyk  (’2)  who  injected  testo¬ 
sterone  under  the  skin  at  the  ba.se  of  the  comb  and  observed  a  parallelism 
between  the  growth  of  the  comb  surface  and  the  amount  of  mucopoly¬ 
saccharides  determined  by  a  modified  colorimetric  method  with  sheej) 
hemoglobin.  Szirmai  (3)  found  that  the  increase  of  the  metachromasia  in 
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the  connective  tistsue  of  tlie  comb  coincided  Avitli  tlie  increase  of  the  total 
liexosamine  content  during  tlie  development  of  this  organ  in  the  normal 
rooster  as  Avell  as  during  testosterone  treatment  of  the  capon.  The  ratio 
liexosamine  hydroxyproline  showed  an  increase  in  both  cases  and  a  similar 
increase  was  also  found  in  the  wattles  and  to  a  lesser  degree  in  the  earlobes. 

On  the  other  hand,  estradiol  applied  locally  to  immature  male  chicks 
prevented  normal  growth  of  the  comb  and,  on  histological  examination,  a 
diminution  of  the  metachromatic  interstitial  ground  substance  was  re¬ 
vealed  (4).  The  .substance  however,  which  accumulates  in  the  .sex  skin  of 
monkeys  during  the  estrous  phase  of  the  menstrual  cycle  is  believed  to  be 
hyaluronic  acid  or  a  closely  related  compound  (o).  Koch  ((i)  obtained 
dmilar  results  in  cows.  He  found  that  under  the  influence  of  synthetic 
estrogens  (I)ienestrol  and  Stilbestrol)  a  loosening  of  the  connective  tissue 
with  water  and  mucopolysaccharide  accumulation  took  place  especially  in 
the  neighbourhood  of  the  sex  organs. 

The  influence  of  the  same  hormone  may  also  vary  in  different  species,  as 
seen  indirectly  from  the  works  of  Sobel  (7),  for  instance,  who  found  a 
decreased  content  of  liexosamine  in  rat  skin  after  o-estradiol  administra¬ 
tion  and  of  Schmidt  (8)  who,  on  .sulicutaneous  injections  of  pharmaco¬ 
logical  doses  of  estradiol  benzoate,  obtained  a  ri.se  in  the  total  amount  of 
hexo.samine  in  the  skin  of  inice.  The  lack  of  uniformity  of  responsiveness  is 
observed  even  within  the  .same  species.  Selye  (0),  for  example,  found  that 
the  skin  of  normal  shaved  mice  did  not  re.spond  with  edema  formation  to 
estradiol  treatment,  in  contrast  to  the  hairle.ss  .strain  mIucIi  manifested  a 
generalized  non-pitting  cutaneous  edema. 

Our  present  study  was  designed  to  determine  whether  Testosterone 
Propionate  and  histradiol  Benzoate,  applied  percutaneously,  were  able  to 
affect  parts  of  the  skin  not  known  to  be  specifically  influenced  by  sex 
hormones. 

Ber  (10),  working  with  capons  and  smearing  the  external  surface  of  one 
wattle  with  oil  solution  of  testosterone  propionate,  observed  a  considerable 
enlargement  of  the  wattle  treated,  a  smaller  enlargement  of  the  second 
wattle,  and,  proportionally  an  even  smaller  enlargement  of  the  comb.  This 
shows  that,  in  addition  to  the  .systemic  action  produced  thiough  the  blood 
circulation,  hormones  may  cau.se  changes  in  parts  of  the  skin  directly 
treated. 

The  purpose  of  our  work  was  to  determine  whether  changes  could  be 
obtained  in  the  side  of  the  dor.sal  skin  treated  with  sex  hormones  compared 
to  the  symmetrical  side  treated  with  the  solvent  alone. 

EXPERIMENTAL  PROCEDURE  AND  METHODS 

Tliirty-fivo  mah'  albino  rats  from  ;i  clo.scd  colony  }?ro\vn  in  our  itistitntc  and  inain- 
laini'd  In-  line-breeding,  v.eiKbin>>;  from  1 70  to  200  };m.  <“aeb  were  u.sed.  They  were  kc'pt 
in  individual  canes  with  free  access  to  water  and  jHirina  cbow.  On  the  first  day  they 
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Tabi.e  1.  Division  ok  rats  'M>er  experiment  aci-ordino  to  kind  ok  treatment 

AND  ITS  DI  RATION 


No.  of 

(Iroup 

Duration  of 
treatment 
in  days 

Treatment 

rats 

Left  side  of  dorsal  skin 

Right  side  of  dorsal  skin 

5 

7  1 

Testosterone  propionate*  ] 

Oleum  olivarum 

5 

14 

1 

Testosterone  propionate* 

Oleum  olivarum 

0 

7  ' 

Kstradiol  benzoatef 

Oleum  olivarum 

5 

II 

14 

Kstradiol  benzoate  t 

Oleum  olivarum 

5 

0 

III 

14 

t  deuin  ( Hivarum 

Oleum  Olivarum 

5 

IV 

— 

!  — 

*  2%  solution  of  Tostostorone  propioiiati*  in  oleum  olivarum. 
t  0.5%  .solution  of  Kstradiol  benzoate  in  oleum  olivarum. 


were  weinhed  and  their  dorsal  skin  shaved  with  an  eleetrie  elipjier,  a  thin  line  of  hair 
heiiiR  left  between  the  two  symmetrieal  parts  of  the  haek.  The  35  rats  were  divided  into 
four  groups  aeeording  to  treatment,  and  eaeh  group  was  subdivided  aeeording  to  dura¬ 
tion  of  tr(‘atment  into  2  subgroups,  as  shown  in  Table  1.  The  treatment  was  given  every 
morning  and  eonsisted  of  pereutaneous  application  of  2-3  drops  of  the  substance  with  a 
soft  brush. 

Th(‘  day  following  the  la.st  application  the  animals  were  weighed  and  killed  with 
chloroform.  ’I'lie  dorsal  skin  was  removed  and  any  adherent  muscle  and  fat  tissue  can*- 
fully  separated.  It  was  immediately  .stretched  on  a  corkhoard,  reshaved  with  an  electrics 
clipper  and  divided  into  two  parts  representing  the  two  halves  of  the  back  differently 
treati'd.  Kach  half  was  weighed  immediately  for  comparison  with  the  weight  of  dry 
defatted  tissue  to  be  obtaini'd  later.  Thi*  portions  were  then  placed  into  pure  acetone 
for  48  hours  (the  acetone  being  changed  after  24  hours)  and  shaken  occasionally.  They 
were  then  cut  into  pieces  of  approximately  2X2  mm.  and  placed  in  a  Soxhlet  extraction 
apparatus  with  petroleum  ether  for  4  hours.  The  skin  particles  were  successively  placi'd 
in  a  vacuum  desiccator  and  left  overnight  above  P2OS  in  vacuo.  They  were  then  weighed 
and  ground  to  a  fine  powder  in  an  electric  grindiT.  The  powder  was  stored  in  a  desiccator 
above  P2O5  in  vacuo  up  to  the  time  of  further  processing. 

The  acid  mucopolysaccharide  contimt  was  estimated  by  determination  of  its  uronic 
acid  and  hexo.samim‘  constituents.  The*  effect  of  incubation  with  testicular  hyaluronidase 
was  also  (“xamini'd  in  the  samples. 

The  procedure  generally  us(‘d  throughout  this  experiment  was  based  on  that  de¬ 
scribed  by  Bollet  (11),  tested  in  our  laboratory  for  its  reproducibility  and  recovery 
of  test  material  with  satisfactory  results.  The  method  was  generally  adopt«‘d  with 
minor  modifications  as  follows:  The  samples  of  dry  defatted  tissue  powder  ranging 
from  ().f)-0.8  gm.  wen*  brought  to  solution  by  stirring  for  45  minutes  with  40  ml.  of 
0.5  N  NaOH  with  a  m«*chanical  stirrer.  No  visible  material  ri'mained  in  suspension  after 
this  procedun*.  1.6  ml.  of  8.75  M  acetic  acid  were  added  and  then  2.4  ml.  perchlori( 
acid  70%  for  deproteinization.  The  mixture  was  refrigerated  at  4®  C  for  1  hour  and 
brought  to  55  ml.  with  cold  perchloric  acid  4%.  50  ml.  of  thi*  filtrate  were  transferreii 
into  a  cellophane  bag  for  dialysis  overnight  against  running  tap  wati'r.  The  content  of 
the  bag  was  then  quantitatively  transferred  into  a  100  ml.  volumetric  flask  and  brought 
to  the  mark  with  distilled  water.  From  this  solution  the  following  aliquots  were  drawn 
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1)  Duplicate  10  ml.  aliquots  for  uroiiic  acid  determination  using  the  earbazole  reaction. 

2)  -V  40  ml.  aliquot  for  h(*.\osamine  determination.  3)  Duplicate  10  ml.  aliquots  for  the 
test  of  hyaluronidase  incubation.  The  procedure  involving  the  precipitation  of  the  acid 
mucopoly.saccha rides  by  protamine  sulfate  was  followed  in  the  subsequent  sle|)s  of 
isolation. 

For  the  determination  of  uronic  acid  in  the  protamine  sulfate  precipitate*  the  earbazole 
method  of  Dische  (12)  was  used.  For  the  hexosamine  estimation  the  lyophilized  pro¬ 
tamine*  sulfate*  pre*ci|)itate*  obtaint*d  from  the  40  ml.  aliqueet  eef  the*  elialyze*d  extract  was 
disse)lve*el  in  1.5  ml.  eef  4N  HCl  anel  I  ml.  hyelre)ly.se*el  in  a  glass-stoppe*re*el  5  ml.  volu- 
me*tric  flask  in  a  boiling  wate*r  bath  for  8  hours.  I'sing  Brom  Thymol  Blue  as  inelicateer 
1 13).  the*  hydreelysate*  was  neutralised  first  with  XaOH  2X  and  afterwarels  with  XaOH 
•  I.25X  te)  the*  enel  (eeeint.  The*  volume*  was  breeught  tee  5  ml.  and  1  ml.  aliqueets  we*re*  use*el 
feer  de*terminatie)n  eef  he.xosamine*  ae*coreling  tee  the*  nu'theeel  eef  Klson  and  .Morgan  (14). 
XaCl  solution  was  adeled  to  the  standard  and  blank  solutions  in  order  to  obtain  the 
same  level  of  this  salt  as  in  the*  ne*utralise*el  sample*  .solutions  (15). 

RESULTS  AND  DISCUSSION 

The  mean  valiie.s  of  the  eoneentration.s  of  acid  mueopolysaccharide.s 
(‘onstituents  in  the  homologous  parts  of  the  skin  for  each  .subgroup  as  a 
whole  and  their  .standard  errors  are  present  in  Table  2.  The  effect  of  incuba- 
fion  with  testicular  hyaluronida.se  is  presented  as  uronic  acid  concentration 


T.^BI.E  2.  I^KKEe'T  e)K  l*ERe’e  T.\XEoe  s  .\I*I*I,ICATI0\  (»F  TE.STeiSTKRetXE  CRoeioX ATE, 
FsTRADIOI.  BKXZeiATE  A.XI)  (  li.Ee  M  eil.IVARe'M  e>\  e'OXCEXTRATIeeX  e)K  e'eeXSTITe'ENTS 
OF  TefTAl.  ACID  .Ml  ('e>eeil,YSAe'(TI ABIDES  e>F  RAT  SKIN 


Treatment 

( iroup 

Duration 

of 

treat¬ 
ment 
in  days 

Side 

of 

dorsal 

skin 

I'ronie  aeid  (earba¬ 
zole  reaction) /ife 
mg,  dry  defatted 
tissue* 

Uronic  acid  (carba- 
zole  reaction)  after 
incubation  with 
testicular 
hyaluronidas(‘ 

HP  I(K)  mg.  dry 
defatted  tissue** 

llexosaiuine 

HP  100  mg. 
defatted  tissue* 

Testosterone  propionate 
on  the  left  side  fL)  Ole¬ 
um  olivariiin  on  the 
richt  side  (R) 

7 

1. 

R 

119.7  + 5. 2t 
110.2  +  3.8 

42.3  +  2.8 

41 .012.0 

133.31  7.6t 
123.91  5.9 

14 

1. 

K 

122.6±5.6 

115.6±3.8 

42.612.0 

44.711.4 

124.01  5.9 
120.31 10.6 

Kstradiol  benzoate  on 
the  left  side  (L)  Oleum 
olivarum  on  the  richt 
side  (R) 

II 

7 

1. 

R 

‘»6.9  +  2.6 
94.612.4 

44.716.8 

41.213.3 

120.01 10.6 
113.61  2.5 

14 

L 

R 

107.6  +  2.0 
1<H).7±2.7 

42.111.4 
41.01 1.3 

108.61 10.2 
105.61  6.2 

Oleum  olivarum  on  the 
left  side  (L)  Right  side 
(H)  untreated 

III 

7 

L 

R 

102.711.6 

98.213.0 

.39.713.2 

42.611.0 

107.41  7.5 
111.51  6.2 

14 

1. 

R 

108.314.5 

106.315.1 

43.61 1.7 
42.512.9 

114.91  8.1 
119.11  8.4 

Moth  sides  (L,  R)  un¬ 
treated 

IV 

1, 

R 

107.216.5 

104.213.4 

37.812.6 

.37.512.5 

118.21  2.1 
111.51  3.1 

*  .Mean  values±  their  standard  errors  for  eaeh  siibErotip  eonsistinE  of  5  male  albino  rats  weiEhins  170  2(K(  Er. 
**  Mean  values!  their  standard  errors  for  each  siibEroiip  consistinE  of  4  male  albino  rats  weishinE  170  2(K)  sr. 
Formula  for  standard  error; 

.Sd 


\  n  —  1 

t  0.025<p<0.05  in  comparison  with  the  correspondinE  subEroup  of  Eroup  III. 
t  0.05  <p  <0.1  in  eomparison  with  the  correspondinE  subEroup  of  Eroup  III. 
Formula  for  "t”: 
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ill  the  residue  of  the  total  acid  mucopolysaccharides  after  hyalurouidase 
treatment. 

To  examine  the  possibility  of  local  effect  of  the  two  hormones  the  mean 
values  of  mucopolysaccharide  constituents  found  in  the  two  symmetrical 
dorsal  parts  of  the  skin  within  the  same  subpiroup  were  compared  statisti¬ 
cally.  The  fact  that  there  was  no  si{>:nificant  difference  between  the  mean 
values  found  in  the  two  halves  of  the  dorsal  skin  of  untreated  animals 
(Group  IV)  provided  the  basis  for  such  an  investip:ation. 

In  no  group  was  any  significant  difference  observed  between  the  left  and 
light  halves  of  the  dorsal  skin  and  this  uniformity  of  result  in  addition  to 
the  observations  to  be  reported  here  later,  according  to  which  some  differ¬ 
ences  were  found  between  hormone  treated  and  their  respective  control 
subgroups,  speak  for  a  rather  generalized  action  of  these  hormones  on  the 
skin  under  the  conditions  of  the  experiment  described.  In  the  course  of  the 
treatment  relatively  high  doses  of  the  applied  substances  were  apparently 
adsorbed  through  the  skin  and  entered  the  circulation.  This  is  supported, 
f.i.  by  the  observed  loss  of  weight  of  the  estradiol  treated  group.  Decreases 
in  weight  ranged  from  1 1  to  gm.  after  7  days  and  from  iff)  to  .Vi  gm.  after 
14  days,  while  rats  treated  with  testosterone  propionate  or  oleum  olivarum 
increased  in  weight  from  S  to  .ff)  gm. 

The  rats  belonging  to  this  group  consumed  during  four  days  20-40  gm.  of 
food,  while,  in  the  same  period,  control  animals  (Group  III)  and  the  testo¬ 
sterone  treated  group  consumed  .'il-fiO  gm.  and  40-70  gm.  respectively. 

The  influence  of  estrogen  administration  to  several  species  of  animals 
with  respect  to  changes  in  body  weight  was  studied  inter  alia  by  Koch  (0). 
In  contrast  to  other  species  rats  did  not  respond  by  weight  increase.  In 
female  rats,  where  partial  hepatectomy  had  been  performed.  Her  (10) 
found  that  after  injections  of  diet hy  1st ilbestrol  there  was  a  decrease  in 
body  weight  l)y  comparison  to  that  of  the  untreated  or  testosterone  or  oil 
treated  animals  similarly  operated  upon.  Brobeck  el  al.  (17)  found  that,  in 
female  rats  during  estrus,  appetite  is  decreased  and  motility  increased, 
residting  in  loss  of  body  weight.  In  diestrus  the  opposite  was  observed.  The 
authors  expressed  the  view  that  gonadal  hormones  may  exercise  some 
influence  on  the  hypothalamus  provoking  the  changes  mentioned. 

Our  results  show  that  estradiol  causes  a  decrease  in  weight  probably  <lue 
to  decreased  appetite. 

From  the  foregoing  it  may  be  supposed  that  .sufficiently  high  (juantities 
of  the  hormones  were  adsorbed  through  the  skin  to  cause  action  of  a  general 
character.  As  a  result,  under  the  conditions  of  our  experiment,  eventual 
changes  in  acid  mucopolysaccharides  content  in  skin  could  not  be  observed 
as  a  local  effect.  In  order  to  examine  this  possibility  a  second  experiment 
covering  a  shorter  treatment  period  and  with  smaller  doses  is  under  way. 

We  were  able,  however,  to  show  differences  in  levels  of  total  acid  muco- 
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|)(»lys:iccliari<l(‘s  coiilc'iil  wlirii  coinparitiji  liormoiially  (rcatod  skin  parts  to 
tlio  liomolofiious  parts  of  cont  rol  sui)y;roui)s  ( tal)l(‘  2). 

(\)mj)arison  l)Ot\vpen  tlio  corrospondiiif;;  sul)}2;roups  of  (Iroups  III  (left 
side  treated  with  oleum  olivarum)  and  IV  (left  side  of  untreated  animals) 
shows  that  treatment  consist  ins  iii  shavins  application  of  oleum  oli¬ 
varum  for  7  or  14  days  did  not  produce  sisnificant  differences  in  tlie  levels 
of  the  constitutents  examined. 

The  concentration  of  uronic  acid  in  the  skin  of  the  I'ats  treated  with 
testosterone  for  7  days  is  sisuificantly  lusher  (O.O^")  <p  <().()■))  when  com¬ 
pared  with  the  control  oil  treated  suhsroups.  The  hexosamine  content 
showed  a  slisht  increase  (O.Oo  <p  <().!)  in  the  same  suhsroup.  The  lonser 
application  of  testosterone  (14  days)  tended  to  lower  the  effects  since  no 
sisnificant  ditferences  were  found. 

Our  results  show  that  testosterone  is  able  to  influence  the  acid  mucoi)oly- 
saccharide  content  of  the  dorsal  skin  of  the  male  albino  rat  in  a  similar 
fashion  as  seen  in  the  comb  of  cocks  and  provides  evidence  of  the 
action  of  this  hormone.  These  findinss  are  not  in  accordance  with  the 
results  obtained  by  Sobel  etdl.  (7)  who,  using  ditferent  methods  and  mode 
of  calculation,  did  not  find  difference  in  the  content  of  hexosamine  in  skin  of 
lats  injected  with  testosterone.  These  authors  determined  total  hexos¬ 
amine  in  skin  of  young  .female  rats  and  calculated  their  findings  with 
regard  to  body  surface  and  body  weight. 

Concerning  the  differences  between  respective  subgroups  of  (Iroups  11 
(estradiol  treated)  and  111  (oleum  olivarum)  a  tendency  to  cause  a  decrease 
of  uronic  acid  content  was  observed  in  rats  treated  for  7  days.  Here  also,  the 
longer  duration  of  treatment  tends  to  level  out  the  differences. 

The  mode  of  the  influence  of  estradiol  seems  to  agree  with  that  observed 
on  cocks  comb  (4).  llvidberg  and  Schou  (IS),  working  on  subcutaneous 
absorption  of  different  substances  by  different  teclmicpies  in  differeid 
animals,  could  not  arrive  at  clear  cut  conclusions  on  the  changes  observed, 
riie  concentration  of  sulphacetamide  in  blood  after  subcutaneous  injection 
of  this  substance  in  rats  and  rabbits  was  unaffected  by  previous  treatment 
with  estrogenic  hormone.  On  the  other  hand  Schmidt  (S)  was  able  to 
demonstrate  higher  levels  of  hexosamine  in  .skin  of  mice  after  subcutaneous 
injection  of  estradiol  benzoate.  Koch  (b)  also  found  an  increase  in  “mucoid 
intercellular  substances”  under  estrogen  influence. 

Lack  of  uniformity  in  experimental  conditions  and  methods  of  investiga¬ 
tion  may  be  held  respon.sible  for  such  want  of  agreement. 

Our  impre.ssion  is,  that  the  changes  theni.selves  in  the  levels  of  androgens 
in  the  organism  seem  to  be  more  important  than  the  actual  level,  as  the 
effect  is  more  pronounced  after  7  days  treatment  than  after  14  days.  This 
problem  is  now  under  detailed  study. 

Concentration,  nature  and  degree  of  polymerization  of  acid  mucopoly- 
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saccharides,  are  major  factors  in  the  state  of  hydration  of  tissues.  An 
attempt  was  made  to  correlate  the  changes  observed  in  the  levels  of  total 
acid  mucopolysaccharides  and  the  percentage  of  dry  defatted  tissue  in  skin 
of  the  rats.  Comparison  of  the  figures  obtained  with  respect  to  the  differ¬ 
ences  between  heterologous  parts  of  the  skin  within  the  same  subgroup  as 
well  as  between  homologous  parts  in  subgroups,  comparing  hormone 
treated  to  control  subgroups,  showed  no  significant  correlation.  This  could 
be  explained  by  the  plurality  of  factors  involved  which  are  known  to  influ¬ 
ence  the  water  content  of  the  skin. 
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RESPONSE  OF  THE  PINEAL  AND  ADRENAL  GLANDS 
TO  SODIUM  RESTRICTION* 

NICHOLAS  M.  PANAGIOTIS  and  GERALD  F.  HUNGERFORD 
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ABSTRACT 

Pineal  fat  stainable  with  oil  red  0  was  markedly  depleted  in  intact  and  adre- 
nalectomized  rats  maintained  on  a  diet  deficient  in  sodium.  Pineal  fat  was 
mildly  depleted  by  adrenalectomy  alone.  The  zona  glomerulo.sa  of  the  adrenal 
gland  widened  in  response  to  the  sodium  deficient  regimen  in  both  intact  and 
pinealectomized  rats.  These  alterations  were  taken  to  indicate  that  the  pineal 
gland  may  elaborate  a  hormone  which  is  involved  in  salt  regulation. 

The  work  of  Deane,  Shaw  and  Greep  (1)  and  of  Hartroft  and  Eisen- 
stein  (2)  have  established  that  the  zona  glomerulosa  of  the  adrenal 
gland  responds  to  dietary  sodium  restriction  by  undergoing  morphological 
changes  which  have  been  interpreted  by  them  to  indicate  augmented 
.secretory  activity  of  this  zone.  Since  these  changes  also  occurred  in  hy- 
pophysectomized  animals,  it  was  concluded  that  the  secretion  of  mineral 
corticoids  by  the  zona  glomerulosa  was  largely  independent  of  pituitary 
control  (1). 

.More  recently,  Farrell  (3)  has  postulated  that  the  .secretions  from  the 
zona  glomerulosa  may  be  controlled  by  a  hormone  originating  in  the  pineal- 
posterior  commissure  area.  He  later  observed  (4,  5)  that  admini.stration  of 
fatty  extracts  of  pineal  glands  to  dogs  resulted  in  augmented  .secretion  of 
aldosterone  in  adrenal  venous  blood.  These  works  led  him  to  postulate  that 
an  “adrenoglomerulotropic”  factor  was  elaborated  in  this  area  of  the  brain 
stem. 

I’Nperiments  reported  here  were  de.signed  to  explore  the  relationships 
between  the  pineal  gland  and  the  zona  glomerulosa  of  the  adrenal  cortex 
using  a  morphological  approach. 

METHODS  AND  MATERIALS 

.Male  rats  of  the  Holtzman  strain  were  employed  in  this  study.  They  were  placed  on 
I)iirified  diets  deficient  in  sodium  or  with  complete  salts.  Distilled  and  tap  water  were 
liiven  for  drinking  purposes.  The  animals  were  placed  in  clean  cages  to  avoid  contami¬ 
nation  with  sodium. 
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Cow inisilion  of  tin-  salt  iiii.rlnrt- 


XaUI* 

15  Kiu. 

('aUOa 

24  gm. 

('aHI*(»4 

15  gm. 

KeS()47II.() 

a  gm. 

Kdll>()4 

55  gm. 

7  gm. 

Tra(*e  mixture 

1  ({in. 

*  Hcplaccd  witli  (Icxtosc  in  sodiutn  (hdiciont  dii-t.  Composition  of  the  tract*  mixture  was  as 
follows:  .\InS()4,  ■)()  Kin.;  KI,  1(1  urn.;  CUSO4,  12  ki"-:  ZnCl-..,  20  Co(Ch:;C(  X  ))j,  O.I  mu 


VoiiiiK  adult  rats  wcittldiiK  iK'twct'ii  100  and  125  k*o.  :it  the  onset  of  tin*  (*xperiin(*tit 
W(*r(*  chos(*n.  'rin*y  wen*  i)lae(*d  on  tin*  di(*tiirv  r(*Kinn*n  at  the  tiK*'  <>f  40  days.  Intact. 
adn*naleetoiniz(*d.  piin*al(*etoiniz(*d  and  ineoinidetely  o])(*rat(*d  animals  were  ust*d.  Tin* 
adr(*nali*ctoiniz(*d  animals  w(*n*  :dlo\v(*d  10  days  and  tin*  piin*al(*etomiz(*d  and  incom- 
pl(*t(*ly  operat(*d  tinimals  wi*r(*  allow(*d  5-7  days  to  n*eover  l)(*for(*  l)(*inK  plae(*d  on  tin* 
(*xp(*iinn*ntal  di(*ts.  Sinet*  tin*  adr(*nal(*ctomiz(*d  f!;<<*01>  survived  tin*  sodium  defiei(*nt 
r(*Kim(*n  poorly.  tln*y  \v<*r(*  autopsied  aft(*r  one  \V(*ek  on  the  diet.  Tin*  i)inealeetomiz(*d 
and  incomph*t(*ly  oiM*rated  rats  \v(*r(*  :tutopsi(*d  at  w(*(*kly  intervals. 

Tin*  i)iin*al  nhiud  in  the  rat  is  located  immediat(*ly  ventral  to  the  confluens  sinus 
when*  it  sonn*tinn*sadh(*n*sto  the  dura.  It  is  eonin*et(*d  to  the  hniin  hy  a  loiiK  slend(*r  stalk. 
H(*caus(*  of  its  sup<*rficial  location,  it  was  possible  tf)  d(*vise  an  o])(*rative  tiiiproach  throUKh 
the  cranial  vault.  .Vfter  an  aitpropriate  skin  incision,  the  connective  tissue  was  clean*d 
away  from  tin*  calvarium.  .V  tr(*i)hiin*  2  mm.  in  diameter  was  used  to  n*mov(*  a  itiecc*  of 
the  calvarium  imnn*diat(*ly  lat(*ral  to  the  sagittal  sutun*  and  anterior  to  the  inisterior 
transver.se  sutun*.  Tin*  dura  was  then  inci.sed  and  a  eaitillar  tube,  of  aitproitriatc*  dimen¬ 
sion.  attacln*d  to  a  suction  hose,  was  din*(*ted  under  the  dura  toward  the  location  of  tin 
])ineal  Khmd.  Tin*  i)iin*al  nhind  was  then  n*mov(*d  usinn  mouth  suction.  In  this  proce- 
dun*,  the  i)in(*al  uhind  is  not  visualiz(*d  but  it  is  possibh*  to  judKc  from  tin*  lociition  of 
tin*  sutun*s  wln*n*  it  li(*s.  Aft(*r  n*moval  of  the  shutd,  the  (*xeis(*d  bone  w:ts  n*placed  and 
(h*ntal  n*sin  was  ajiplit**!  to  s(*al  it  back  in  ithiee.  ('ompletein*ss  of  tin*  o])er:ition  wa^ 
cln*ck(*d  at  autopsy.  This  i)roc(*<lun*  result(*d  in  about  9S%  re<*ov(*ry  and  about  ()5‘’, 
complete  n*movals  of  tin*  i)in<*al  Khinds.  The  animals  in  which  the  itineal  Khind  was  not 
r(*moved  wen*  considen*d  as  sham-op(*rat(*d  control  animals. 

At  autopsy,  tin*  a<ln*nals.  iiituitary  and  piin*al  Khinds  wen*  n*moved  and  weiKln*(l 
on  a  torsion  balanci*.  l)iff(*rences  lM*tween  the  averaK«‘  w»*iK;hts  of  the  glands  wen*  sta¬ 
tistically  compar(*d,  usinn  Fisher’s  method  (b).  The  tissin*s  were  fix(*d  in  10%  n(*utr:i' 
formalin,  section  at  5-10  n  and  stained  with  oil  red  O  and  hematoxylin. 

RESULTS 

Intact  rats  fed  the  purified  control  diet  grew  normally  and  upon  autopsy 
no  pathological  changes  were  found.  Tal)le  1  lists  the  body  weights  am 
weights  of  the  glands  studied. 

The  weight  and  histological  appearance  of  the  adrenal  gland  were  no 
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Tahi.k  I.  Okc.w  «  kkmits  <  ai.ci  i.atki)  1(K)  cm.  kukv  wkkmit 
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— 
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108 
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Hotly  weijslit  at  tt'rininatioii  of  experiment  in  gin.  Organ  weights  in  mg. 
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Fig.  ‘,i.  I’incal  kFgkI  taken  from  an  intaet  rat  on  the  eontrol  diet  and 
demonstrates  the  normal  distribution  of  fat.  XoOO. 
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Fig.  2.  .Vdrenal  nkind  was  taken  from  a  pinealeetomized  rat  after  o  weeks  on  a 
sodium  detieient  diet.  Widening  of  tlie  filomerulosa  and  fatty  elianni's  are  tyjiical  of 
those  oeeiirriii}!:  i'>  intact  rats  under  similar  conditions.  X12o. 
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altered  hy  renioval  of  the  pineal  }>;lan(l  in  rats  fed  tlu'  e((ntr()l  dint.  On  the 
other  hand,  the  zona  filoinendosa  of  the  piiu'aleetoinized  rats  responded  to 
the  low  sodium  regimen  in  the  same  de}?!^  an<l  manner  as  did  that  of  the 
intaet  rats  (Fi}j;s.  1  and  2).  The  zona  t^lomerulosa  was  eonsiderahly  wider  in 
both  }i:roiips,  the  cells  were  hypertrophied,  large  watery  vacuoles  were 
present,  and  the  fat  content  was  less  prominent.  This  eharaeteristie  re¬ 
sponse  of  the  adrenal  glomerulosa  was  similar  to  that  reported  by  Deane, 
Shaw  and  Oree])  (1)  and  by  Hartroft  and  hasenstein  (2)  under  similar 
dietary  conditions. 

While  the  weight  of  the  pineal  gland  was  not  altered  by  removal  of  the 
adrenal  glands,  the  amount  of  fat  as  seen  histologically  in  the  pineal  gland 
was  reduced  as  compared  with  the  intaet  controls  (Figs.  A,  (>). 

Sodium  deprivation  in  both  intaet  and  adrenaleetomized  rats  resulted  in 
almost  complete  loss  of  fat  staining  material  from  the  pineal  glands  (Figs, 
f,  ■),  7).  The  weights  of  the  pineal  glands  were  less  in  sodium  deficient  intaet 
rats  (F<.01)  and  adrenaleetomized  rats  (P  <.()."))  when  compared  with 
their  controls  (table  1). 

()l)servations  on  the  distribution  of  fat  in  the  pineal  glands  of  intact 
control  rats  confirmed  those  reported  by  (Juay  (7)  and  Avill  not  be  described 
here  (Fig.  :f). 
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I’incal  fjland  takcMi  from  an  intact  rat  on  a  sodium  di'ficicnt  diet  for  1 
week  and  demonstrates  tlie  severe  loss  of  fat.  XoOO. 


Fig.  (».  Pineal  ffland  taken  from  an  adrenalectomized  rat  on  the  control 
diet  and  demonstrates  a  mild  loss  of  fat.  Xo(H). 


I’incal  filaiid  taken  from  an  adriMiaha  toinized  rat  on  tlie  sodium  ileficient 
diet  and  dcunonstrates  tlie  most  sevc're  loss  of  fat.  XoOt) 


DISCUSSION' 

Morpliolofjiists  have  insisted  for  many  years  that  the  pineal  liody  is 
indeed  glandular  in  striieture,  altlion}>:h  eonelusions  regarding  tlie  func¬ 
tional  nature  of  the  pineal  gland  have  always  been  tenuous  ((S).  The  present 
results  indicate  that  the  pineal  gland  is  affected  by  restricting  the  dietary 
sodium  intake.  Loss  of  stainable  fat  from  the  pineal  gland  in  response  to 
sodium  restriction  may  indicate  augmented  activity  of  the  pineal  cells 
perhaps  in  releasing  a  hormone  involved  in  .salt  regulation.  Lo.ss  of  fat  from 
the  adrenal  cortex  has  been  utilized  as  a  mea.sure  of  adrenal  cortical  activity 
following  stress  (b).  An  analagous  phenomenon  may  occur  in  the  pineal 
gland  in  respon.se  to  .salt  re.striction.  In  addition,  adrenal  ablation  cau.sed  a 
mild  loss  of  pineal  fat,  possibly  indicating  compensatory  pineal  activity 
line  to  lowering  of  body  sodium  levels.  Loss  of  pineal  fat  may  be  only  an 
a.ssociative  phenomenon  without  functional  significance  and  further  experi¬ 
ments  are  planned  to  test  the  various  po.s.sibilities  suggested  by  these 
(indings. 

Farrell  (8,  4,  o)  has  postulated  that  the  pineal  gland  influences  salt 
legulation  by  elaborating  an  “adrenoglomerulotropic”  hormone  which  has 
its  influence  l>y  acting  through  the  zona  glomerulosa  of  the  adrenal  gland, 
fhe  amount  of  aldosterone  was  increa.sed  in  adrenal  vein  blood  liy  admin- 
stering  a  jiineal  extract  (a  liiiid-containing  fraction).  On  the  other  hand. 


’■estriction  of  dietary  sodium  intake  in  jiinealectomized  dogs  was  effective 
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in  pr<)(lucin}>!;  tlie  usual  wideniiif?  of  tlie  zona  }>;l(»i^erulosa  and  augmented 
the  amount  of  aldosterone  in  adrenal  vein  blood.  Therefore,  the  pineal 
gland  is  not  an  essential  step  in  stimulating  the  secretion  of  aldosterone  but 
still  may  have  an  influence.  The  present  report  correlates  well  with  the 
findings  reviewed  above.  The  pineal  gland  definitely  responded  to  restric¬ 
tion  of  dietary  sodium  by  loss  of  fat  staining  material  but  pinealectomy  did 
not  prevent  the  usual  response  of  the  zona  glomerulosa  of  the  adrenal 
gland  under  these  conditions. 
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(IROWTH  HORMONK  (H)XTKNT  OF  PITUITARIES  FROM 
RATS  WITH  HYPOTHALAMIC'  LKSIOXS^ 

SEYMOUR  RFICIILIX 

l)i  IxirliiK  nitt  of  Mrdirine.  Preventive  Medicine  nnd  Psijcincdrij,  Washington  t'niversitg 
School  of  Medicine,  St.  Lonis,  Mwsonri 

ABSTRACT 

(irowth  liormoiic  (CJH)  content  of  |)ituit:iries  from  rats  witli  exteiisiv*'  ventral 
liyi)othalamie  damage  was  determined  by  bioassay  usiiiK  the  tibial  ei)ii)hysial 
width  stinudatinfj  test.  Di'creaso  in  y;rowtli  rate  (measured  by  body  weif^lit  and 
body  leiifith).  decrease  in  i)ituitary  size  and  decrease  in  pituitary  somatotropliin 
concentration  were  i)roduced  l)y  tlie  lesion.  It  was  estimated  tliat  the  amount 
of  (ill  i)er  pituitary  was  n'diiced  to  approximately  15%  of  the  normal.  Second¬ 
ary  lesion-induc(“d  delicitmces  of  thyroxine,  testosterom*  or  of  vasopressin  wen* 
not  the  cause  of  this  etfeet  because  a(h‘(piat<“  r(‘placement  treatment  was  {jiven. 

An  earlier  study  on  (IH  content  of  pituitaries  from  adrenalectomized  rats  was 
cited  which  makes  it  uidikely  that  lesion-induced  .\(’TH  deficiency  was  the 
caus(‘  of  low  (JM  found  in  these  experiments.  'I'he  demonstration  of  low  con¬ 
centrations  of  (iH  in  the  i)ituitaries  of  rats  with  lesions  is  the  first  direct 
evidence  that  sonu'  phase  of  somatotroi)hin  seciadion  (decreased  .synthesis  or 
ineiH'ased  reh'asc*  or  both)  is  affected  by  hypothalamic  damage.  Specificity  of 
th(“  effect  remains  to  be  establislusl  because  the  lesions  which  were  used  to 
interfere  with  fjrowth  and  to  lower  pituitary  (iH  involve  a  substantial  portion 
of  the  primary  i)lexus  of  tin*  hypophysial-portal  vessids. 

Till']  Kiowtli  of  rats  with  ina.ssive  ventral  hypotlialaiuic  lesions  has  l)een 
shown  in  previous  experiments  to  he  al)normally  slow  even  when 
lesion-induced  deficiencies  of  thyroxine,  testosterone  and  vasopre.ssin  are 
corrected  by  replacement  treatment  (1).  One  of  the  po.ssihle  explanations 
of  this  phenomenon  is  that  the  lesion  inhibits  pituitary  growth  hormone 
(Oil)  secretion,  a  .suggestion  at  pr(\s('nt  unsupported  by  direct  experimental 
evidence,  but  consonant  with  a  number  of  other  observations  in  the  litera¬ 
ture  (cf.  1).  It  was  the  purpose  of  the  present  experiments  to  measure 
growth  hormone  content  of  pituitary  glands  from  rats  in  whom  hypo¬ 
thalamic  damage  had  produced  substantial  reductions  in  growth  rate. 

METHODS 

Hultzmau  rats  of  the  Si)raguc-I)awl(*y  strain  were  used  in  this  experiment.  'I’liey 
vere  housed  under  constant  lighting  conditions  in  a  temperature  controlh'd  room 
2(i±I°  ('),  w(‘re  given  water  ad  lihitain  and  Purina  laboratory  chow.  IIy|)oi)hysecto- 
mized'^  rats,  used  for  assay  wen*  in  addition  given  supi)lements  of  bread  and  oranges 
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Two  pairs  of  bilaterally  symmetrical  lesions  w(‘re  plaeeil  in  males  usiiif!;  a  Kries-Johni^oii 
st(*reota.\ic  instrument.  The  first  pair  was  made  1.0  mm.  behind  bregma.  0.5  mm.  to 
(“ach  side*  of  the  miilline  ami  O.ii  mm.  u))  from  the  base;  tin*  second  2.0  mm.  behind 
bn'nma,  O.S  mm.  to  each  side  of  the  midline  and  at  base  level.  The  electrode  tij)  was 
banal  1.0  mm.  and  current  of  3  M.\  was  ])assed  for  .‘fO  s<‘conds  in  each  electrode  i)osition. 
'I'hese  coordinates  were  chosen  so  as  to  f?ive  massivi'  destruction  of  the  anterior  half 
of  tlu'  hy))othalamus  and  median  eminence'  and  of  the  ventromedial  nuch'i  without  pro- 
ducinf;  damage'  to  the  pituitary  stalk  (1).  Lesions  of  this  distribution  had  been  found  in 
previous  e.\])(‘riments  to  jeroduce  ftrowth  imi)airm('nt  (1). 

Sham  oi)erated  eontntl  animals  were  prejeared  by  insertinfi  the  electrode*  inte»  the* 
e*e)rte*.\  te)  a  ele*pth  eef  2  mm.  withemt  the*  jea.ssafje*  <>f  e*urre*nt.  Freem  the*  time*  eef  eejee'ratieen, 
the*  feneel  intake*  eef  e*ae*h  rat  with  a  h'sieen  wees  me*asure*el,  anel  a  like*  ameeunt  e)fTe*re*el  tee 
a  paire*el  ceuitrol;  thus  e*ve*ry  rat  with  a  lesieen  ate*  as  mue*h  as  eer  meere*  than  the*  ameeunt 
take'll  by  the  e*e)ntre)l.  ()pe*rate*el  rats  whei  e*e)nsume*el  elaily  le*ss  than  IS  j^rams  eif  feieid 
after  the  femrth  peest-eijie'rative*  elay  we*re*  elise*arele*d  freem  the*  serie*s.  Be'tiiinninn  em  the 
elay  after  eiperatiem  beith  e)])e*rate*d  anel  cemtre)!  animals  we*re*  fjiven  a  elaily  intrajierite)- 
ne*al  injectiem  of  a  heu  meme*  .supph'inent  eif  i-thyreixine*.  n  n"  100  urns,  beiely  weifjht  aiiel 
te*ste>ste*rone*  ])re)])ionate*  100  na  100  beiely  we'i^ht.  as  iirevieuisly  ele*se*ribe*el  (1). 

When  i)re*se*nt,  eliabe*te*s  insipielus  was  tre*ate*el  by  the*  eme'e*  elaily  intramuscular  injectiem 
e»f  Pitre'.ssin  tannate*  in  e»il  in  a  suffie*ie*nt  epiantity  tee  briiif;  wate*r  intake*  tee  within  the* 
norniiil  ranf5e*.  The*  sham  e»pe*rate*d  me*mbe*r  eif  the*  pair  was  similarly  injecte*el  with  the* 
.*iame*  mate*rial.  .Me*asure*me*nts  e»f  beeely  we'if^ht  anel  le*nf!;th  (neese'-tail)  were*  maele*  at  the 
time*  e)f  eepe'iatiem  anil  at  the*  time*  eef  .xae*rifie*e*.  Twee  we*e*ks  afte*r  the*  le*sie»n  hael  be*e*n  jiree- 
ilue*e*el,  the*  animals  we*re*  ane*sthe*tize*el  with  e*the*r  anil  e*\sanffuinate*d  from  the*  abeleeminal 
aeerta  intei  he*|)arinize*d  tube's.  The*  brains  and  pituitarie's  we*re*  re*me)ve*el  en  bleic.  anel 
e*\amine*d  with  the*  aid  eef  a  elissee'tiiiK  micro.*<e*e)i)e*  in  eireler  to  eletermine  the*  iiositieen  eef 
the*  h'sieen  anel  the*  e-emditiem  e»f  the*  pituitary  stalk,  riie*  pituitary  was  then  eare*fully 
re'inove'il,  the*  ante'rieer  leebe*  elisse*cte*el  fre*e*.  weighe'el  tee  the  ne*are*st  0.1  mn-  <>n  a  teirsiem 
balane*e*  and  freize'ii  at  a  te*mpe*rature*  eef  —10°  C  feu*  late*r  u.se*  in  bieiassay.  The*  brains 
we*re*  fi\e*el  in  feirmalin  feir  sub.<e*tpie*nt  fjross  examinatiem.  Pituitarie's  were*  se*le*e*te*el  feer 
assay  freun  animals  in  which  at  le*ast  eene'-half  of  the  ante'rieu*  nu'ilian  eminence*  had  be*e*n 
de*stre)ye*el  and  we*re*  neit  use*d  if  the*  stalk  preiper  hael  be*e*n  inveilve'il  by  the  lesiem. 

.Vs.say  feir  ureiwth  heirmeme*  ceuu'entratiem  was  eleme*  by  a  me»elifie*ation  eif  the  metheeel 
of  (Jre*e*nspan  et  al.  (2).  Hypeijiliysial  tissue*  freun  rats  with  lesiems  anel  freun  sham- 
e»))e*rate*el.  pair-fe*el  ceuitreils  was  jieieih'el  by  greuips  and  heuneiKenize'd  in  0.0%  saline*. 
.Vppreipriate*  elilutiems  we*re*  maele*  tei  jireeviele  3  elosape*  levels  in  the*  same*  veelume*  eef 
inje*e*te*d  fluiel  (0.5  ml.).  The*  etilute*el  mate*rial  was  kept  freezen  until  imme*eliate*ly  befeere* 
inje'ctiem.  Feeur  elaily  injectieuis  were*  given  to  the*  hyi)e)physee*te)mize*el  assay  animals 
:tnd  em  the*  5th  elay  the*se*  rats  we*re*  kille*el  anel  the*  right  tibiae  i)re*pare*il  feer  epii)hysi!d 
wielth  me*asure*me*nts.  Fight  to  ten  eh'terminatieens  were*  maele  on  (*ae*h  beene*.  Inste'ael  eef 
using  the*  stanelard  e*urve*  technieiue  eef  bieeassay.  the  pe»tene*ie*s  e)f  pituitary  extracts  freem 
h'siem  anel  e'eentrol  animals  we*re*  e*ale*ulate'el  freem  a  six  peeint  assay  using  the  statistie*al 
elesign  eef  Bliss  (3). 

RESULTS 

1.  (Inncih  in  the  Rais  u'ilh  Lesions 

Sisnificant  reduction  in  growth  was  produced  by  tlie  lesions  despite  tlie 
fact  tliat  the  animals  with  brain  damage  consumed  as  much  as  or  more  than 
the  food  taken  by  the  controls  (Table  1).  Pituitary  weight  was  also 
reduced. 
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*  Two  extra  paired  controls  were  availaOlc'  because  of  the  death  shortly  Ix'fore  the  end  of 
the  experiment  of  the  operated  members  of  the  ptiirs. 

**  Stiitisticid  ev:dn:ition  nnidi*  by  im-thods  described  by  Snedecor  (10). 


2.  (Uroicth-stimuldtiiui  Activitjj  of  PHuiUinj  Kxtrocts  from  Rots  with  Hypo- 

tholomic  Lesions 

Pituitary  extracts  front  control  and  lesion  hearinfj;  animals  were  admin¬ 
istered  at  dosage  levels  (total  dose  over  a  4-day  period:  D.dd,  1.2")  and 
2.')  mg.  respectively)  (Fig.  1).  Validity  of  the  a.ssay  was  estimated  statis¬ 
tically  by  the  method  of  Bliss  (3)  from  measurements  in  do  a.ssay  animals 
[0-9  animals  per  point).  The  slopes  of  the  log-do.se  curves  were  proved  to 
1)6  parallel  and  the  errors  in  oh.servations  for  the  two  curves  were  shown  to 
he  homogeneous.  The  potency  ratio  for  the  pituitary  extract  from  rats  with 
lesions  as  compared  with  extracts  from  normal  animals  was  0.20  and  fidu¬ 
cial  limits  for  the  potency  ratio  at  the  05%  level  of  confidence  were  between 
0.05  and  0.S4.  Mean  epiphysial  widths  of  assay  rats  receiving  extract  of 
control  pituitaries  was  significantly  greater  than  the  mean  value  in  a.ssay 
animals  receiving  pituitary  tissue  from  rats  with  lesions  (P<.0t)l).  These 
data  demonstrate  that  pituitary  growth  hormone  content  is  depressed  in 
rats  with  lesions.  If  one  con.siders  that  the  potency  ratio  is  0.2  and  that  the 


Fig.  1.  Illustrated  is  the  (i-jioint  assay 
i)f  ffiowth  hormone  concentration  in 
pituitaries  from  rats  with  hypothalamic 
lesions  and  from  paired  controls. 


Totol  Pituitory  Dosage  In  mg  Injected  Over  4-OayPeriod 
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pituitaries  from  rats  with  lesions  are  significantly  smaller  than  normal 
(t).70  times  the  weight  of  controls),  it  is  apparent  that  growth  hormom' 
content  in  individual  pituitaries  of  rats  with  lesions  is  about  lo*/^  of  the 
normal. 

DISCUSSION’ 

Tihial  epiphysial  width  stimulating  activity  of  pituitaries  from  rats  with 
hypothalamic  lesions  has  been  shown  in  this  experiment  to  be  significantly 
reduced  when  calculated  either  per  milligram  tissue  weight  or  per  unit 
pituitary.  In  view  of  previous  studies  on  the  epiphy.sial  width  te.st  (2), 
there  seems  little  reason  to  doubt  that  the  hypothalamic  le.sions  led  to  a 
decrease  in  pituitary  growth  hormone  content.  Comment  should  be  made 
on  the  specificity  of  this  as.say  as  a  test  for  (5H  in  crude  extracts  of  pituitary 
tissue  as  certain  of  the  other  trophic  hormones  affect  respon.ses  to  somato¬ 
tropin.  Thyrotrophin  acts  .synergistically  (2)  but  can  be  excluded  from 
consideration  as  affecting  the  response  because  the  donor  animals,  lioth 
normal  and  with  lesions,  were  given  thyroxine  in  a  dosage  which  would 
reduce  pituitary  TSH  to  extremely  low  levels  (4).  .\drenotrophin  which  is 
antagonistic  to  (IH  in  the  tibia  test  (2),  is  preseid  in  abnormally  small 
amounts  in  rats  with  hypothalmaic  lesions  (o).  Therefore,  any  effect 
exerted  by  ACTH  would  be  in  the  direction  of  reducing  the  effectiveness  of 
the  extract  from  the  normal  ainmals  and  could  not  be  the  cause  of  the 
greater  potency  of  the  normal  glands. 

•Vssociated  lesion-induced  pituitary  deficiencies  conceivably  could 
account  for  the  abnormal  content  of  pituitary  (JII.  Any  effect  exerted  In- 
lack  of  thyroxine,  testosterone  or  vasopre.ssin  are  readily  excluded  by  the 
use  in  this  experiment  of  appropriate  hormonal  replacements.  Thyroid 
hormone  is  particularly  important  in  this  connection  since  there  is  good 
evidence  that  thyroxine  deficiency  causes  a  lowering  of  pituitary  (JH 
content  ((>).  The  one  lesion-induced  hormonal  deficiency  that  cannot  be 
easily  excluded  as  a  cause  of  pituitary  (ill  depre.s.sion  is  that  of  adreno- 
corticotrophin.  The  major  experimental  observation  which  makes  this 
possibility  unlikely  is  that  adrenalectomized  rats  whose  .sodium  deficiency 
has  been  treated  by  .saline  drinking  water  have  pituitary  (III  concentration 
(bv  the  tibial  cartilage  test)  indistinguishable  from  that  of  pair-fed  controls 

(7). 

Th(‘  finding  of  n'duced  pituitary  (IH  in  these  animals  is  tlu*  first  di¬ 
rect  (‘vid(‘nc(*  that  certain  hypothalamic  lesions  can  influence  .somi'  pha.se 
of  pituitary  growth  hormone  .secretion.  Lowered  concentration  indicates 
either  increased  release  or  decreased  .synthesis  or  both;  definitive  proof 
that  the  lesions  cau.se  a  reduction  in  (JH  secretion  would  reiiuire  measure¬ 
ments  of  plasma  (JH  concentration  and  of  peripheral  (JH  degradation  rate. 
Preliminary  studies  of  “sulfation  factor”  (S)  in  the  plasma  of  these  animals 
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(lour  ill  (•<)linl>or:il ioM  willi  Dr.  \\’iHi;iin  D;ni!ili:i<l:iy  have'  Ixa'ii  iiicoii- 
cliisivc. 

In  piwictus  sludics  (1,  t)j  llic  xarious  I'aiMors  lliat  mijilil  coni riWulr  to 
poor  fjirowtli  in  rats  with  lesions  were  enuineiated  and  discussed.  To  that 
list  may  now  he  added  decreased  pituitary  {growth  hormone  concentration. 
The  hypothesis  sufj:f»:est ed  by  these  data  is  that  the  hypothalamus  can 
influence  (III  secretion  in  a  manner  analofi;ous  to  the  control  exerted  over 
other  pituitary  trophic  hormones,  ACTH,  TSII  and  the  gonadotrophins. 
This  view  still  laapiircs  substantial  additional  supportinj^  data,  hlvcai  if  it 
could  be  proved  that  (JII  .secridion  rate  was  r(Hluc(‘d  in  th(\s(‘  animals  tlu' 
probhuu  of  spi'cificity  of  the  effect  of  tlu*  h'sions  must  still  lx*  consid(*r(‘d. 
Tlu*  (pi(*stion  of  int(*rf(*r(*nc(*  with  blood  supply  is  a  particularly  formidabh* 
(piestion,  one  that  cannot  be  readily  answered  with  respect  to  (JII  regula¬ 
tion  in  view  of  the  fact  that  the  le.sions  which  are  effective  in  reducing 
growth  rate  do,  for  the  most  part,  damage  at  least  the  anterior  half  of  the 
primary  plexus  (1,  9).  Lesions  of  this  distribution  were  used  in  the  present 
experiments.  Stress  effects  must  also  be  considered.  Acute  trauma  is  known 
to  cause  an  increase  in  pituitary  (JII  content  ((>),  but  there  is  no  evidence 
liearing  on  the  problem  of  chronic  stress  with  which  the  present  data  may 
be  compared. 

It  is  also  known  that  direct  hypothalamic  pituitary  connections  are  not 
essential  for  growth.  Hertz  has  shown  that  substantial  growth  in  rats  is 
stimulated  by  pituitary  grafts  provided  enough  tissue  has  been  used  (10). 
Significant  autonomy  of  pituitary  growth  hormone  .secretion  has  thus  been 
demonstrated.  The  evidence  pre.sented  and  cited  in  this  paper  is  suggestive 
of  a  hypothalamic  regulatory  influence  on  somatotrophin  secrefion.  Proof 
of  the  specificity  of  the  effect  awaits  further  investigation. 

If  the  effect  of  the  hypothalamic  lesions  on  growth  hormone  proves  to  be 
specific,  the  identity  of  the  hypothalamic  neurohumor  which  influences 
(JII  (presumably  analogous  to  the  corticotrophin  releasing  factor  1 1 ,  comes 
next  into  (piestion.  The  most  direct  evidence  on  this  point  was  presented  by 
del  Vecchio,  c/  al.  (12)  who  stated  that  Pitre.ssin  injections  increa.sed  the 
tibial  epiphysial  width  in  young  rats.  Hiroshige  and  Itoh  (Id)  have  made 
similar  observations,  and  also  state  that  liver  K\A  levels  rise  in  Pitres.sin 
treated  rats.  These  data  suggest  a  role  for  vasopre.ssin  or  a  non-vasopressin 
constituent  of  Pitre.s.sin  in  the  regulation  of  (JH  release.  .Moreover  it  has 
been  shown  that  growth  failure  in  rats  with  lesions  is  roughly  proportional 
to  the  degree  of  polyuria  prixluced  (1,  9).  On  the  other  hand,  the  impor- 
tan(*e  of  vasopressin  in  (JH  relea.se  is  (piestionable  for  several  rea.sons. 
Ueplacement  therapy  with  Pitressin  taniiate  does  not  restore  growth  to 
normal  in  rats  with  lesions  (1).  In  a  recently  completed  study  the  protocol 
of  del  Vecchio,  et  (il.  was  followed  exactly  (14) ;  evidence  of  a  STH  releasing 
effect  of  Pitre.ssin  was  not  obtained.  .V  clinical  study  of  children  treated  for 
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(•nmi<)j)liju\  iifiioma  iiidicaf (‘s  that  surfiically  produced  <lialK‘(cs  insipidus 
did  not  prevent  iionnal  {frowtli  in  some  eases  (lo). 
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ABSTRACT 

Tilt'  (‘tTcct  (»f  a<liiiiiiistiati(ni  of  Probenecid  and  liydroelilorotliiazide  on 
renal  el(‘arane(‘s  of  free  and  eonjuf^ated  17-()HCS,  total  I7-I\S,  androsterone 
(AND)  and  dehydroepiandrosterone  (DICA)  has  lu'en  deteriniiu'd  in  normal 
human  subjects. 

I'he  data  obtained  sufjfjest  that  the  administration  of  Probenecid  causes  a 
sharp  fall  in  tiu'  clearanc(‘  of  the  17-KS  and  mainly  of  AND.  a  less  marked 
decrease  in  th(>  clearance  of  the  conjufjated  17-()H{’S,  and  no  modification  of 
the  clearance  of  free  I7-()HCS. 

The  administration  of  hydrochlorothiazide  in  contrast,  resultial  in  a  mark<'(l 
increase  in  th<“  ch'arance  of  all  steroids  measured,  jjarticularly  AND  and  con- 
juf!;atc'd  17-()H('S. 

In  the  patients  treated  with  lonfi-actinfi;  ACTH  and  hydrochlorothiazide, 
the  hormonal  clearances,  already  hi^h  at  tlu'  befiinninf;,  as  a  result  of  ACTII 
administration,  tended  to  increase  to  even  a  f^reater  extemt  as  comi)ared  to  the 
patients  reci'ivinfj  hydrochlorothiazide  alom*.  es])ecially  in  the  case*  of  AND. 

'I'he  authors  have  ilrawn  the  conclusion  that  it  is  i)ossible  to  influence  the 
plasma  levels  of  steroids  by  pharmacoloffical  agents  actiiif!;  at  the  renal  levcd. 

IX  PH1‘A"I()US  papers  data  were  presented  eoncerninK  the  inetal)olie 
heliaviour  and  the  renal  clearances  of  17-OHCS,  total  17-KS,  andro- 
>terone  (AXD)  and  dehydroepiandrosterone  (I)IOA).  In  addition,  the  effect 
of  long-act inp;  corticotrophin  (ACTII)  and  of  corti.sone,  administered  to 
patients  with  or  without  adrenocortical  di.seases,  on  renal  clearances  of 
I  hese  steroids  were  studied  (1,2,  d,  4). 

In  the  same  papers  we  have  shown  that  the  plasma  and  urinary  values  of 
ihe  steroids  and  their  clearances  represented  not  only  the  function  of  the 
adrenal  gland,  but  also  of  the  peripheral  factors:  renal,  hepatic  and  ti.ssue, 
■•apable  of  affecting  the  inactivation  and  the  excretion  of  hormones.  We 
have  noted,  in  additioji,  the  remarkable  (piantitative  and  qualitative 
variations  in  plasma  and  urinary  levels  of  steroids  and  in  their  clearances 
hat  some  hormones  such  as  A('TII,  corti.sone  and  mainly  aldosterone  and 
liuretic  drugs  such  as  chlorothiazide  exert  on  the  kidney  (B,  4,  o). 
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The  present  work  was  undertaken  in  order  to  test  the  effects  of  phar¬ 
macological  agents  which  influence  renal  tubular  function  (probenecid, 
which  blocks  tubular  secretion  and  hydrochlorothiazide,  is  a  strong 
diuretic)  on  the  renal  clearance  of  steroids  and  to  compare  these  results 
with  our  previous  observations. 

MATERIALS  AND  METHODS 

I'lic  iiivcstifiiitions  were  carrit'd  out  on  12  normal  men  ran>>in}f  in  anc  from  20  to  HO 
years.  Stainlanl  elearanee  tc'clmics  wert'  used  as  descril)(‘d  in  i)r<‘vions  papers  (2,  H,  4). 
lO'iial  clearances  of  hormones  were  stndit'd  by  iletermination  of  plasma  and  urinary 
levels  of  total  17-KS,  AXl)  and  1)1)A.  ()f  free  and  conjuftated  17-()HC'S,  and  by  calcu¬ 
lation  of  the  clearances  in  relation  to  0-h<»nr  periods.  The  free  and  the  conjnKiitefI 
17-()H('S  were  determined  in  plasma  and  in  nrim' by  onr  modification  (0)  of  tin'  imdliods 
of  Xelson  and  Samuels  (7)  and  (ileni\  and  Xelson  (S).  The  total  17-KS,  .VXD  and  DliA 
were  determinetl  by  onr  modification  (!))  of  the  method  of  (lardner  (10).  The  nrinar.\’ 
and  plasma  creatinine  were  measured  by  tin'  method  of  Hosnes  and  Tonsky  (11)  par¬ 
tially  modified  by  Azerard  (12). 

The  clearances  tests  were  penformed  on  three  different  ijronps  of  four  j)ersons: 

In  the  first  f^ronj)  the  experiments  w(‘re  carried  out  for  0-honr  janiods  (from  (i  to  12 
o’clo(  k  in  th(‘  morning)  of  two  successive  ilays,  ladore  and  after  administration  of 
probenecid.  The  j)robenecid  was  administi'red  orally  in  a  dos(>  of  2  ^m.  (1  fjm.  six  Intnrs 
before  and  1  nm.  at  the  besinniiif!;  of  tin*  s(‘cond  test  of  ch'arance). 

The  second  Kronj)  of  i)atients  was  stndi(‘d  with  tin*  same  methods  as  the  previous  one. 
before  and  after  administration  (tf  hydrochlorothiazuh'.  the  drnu  bein^  administered 
orally  in  a  dose  ()f  100  m<i.  (AO  inf!;,  six  hours  before  and  AO  lUfj.  at  the  be>!;inninft  of  the 
.second  test  of  clearance). 

The  third  ^mup  of  four  i)ersons  was  };iv<‘n  a  h»i4{-actinK  .Vt'TH  prepiiration  (in 
phosphate  of  |)oliphloretin),  by  intramnscnlar  inj<‘ction  as  described  previously  (10 
i.c.  every  six  hours)  (2,  .4,  4).  In  normal  men  hifjh  and  constant  |)lasma  levels  of  17- 
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ones  and  17-KS  were  ()l)taiiied  in  this  way  for  as  loii}>;  as  nine  hours  after  admin¬ 
istration. 

The  renal  ehairanees  of  steroids,  in  this  investinutiuu,  wc're  measured  for  two  (i-liour 
periods,  12  and  24  hours  after  the  heKinninn  of  tlie  administration  of  ACTH.  In  the 
seeond  period  of  six  hours,  hyilroehlorothiazide  (100  nif!;.)  was  ailded  to  ACTH.  It  was 
administen'd  in  a  dos(>  of  .50  nifi;.  six  liours  before,  and  .50  m>f.  at  the*  beffinniiiK  of  the 
seeond  test  of  elearanee. 

In  all  thr(>e  >;roups,  the  blood  samples  were  taken  during  the  middle  of  tlie  urine 
collection  pi'rioil. 

KESULTS 

The  re.sult.s  of  our  researche.s  are  summarized  in  tliree  Hfrures  and  one 
table. 

Figure  1  .shows  the  plasma  and  urinary  values  of  steroids  in  patients 
liefore  (A)  and  after  (H)  admini.st ration  of  probenecid. 

Figure  2  shoAvs  the  plasma  and  urinary  values  of  steroids  in  patients 
liefore  (A)  and  after  (B)  administration  of  hydrochlorothiazide. 

Figure  .‘i  shows  the  plasma  and  urinary  values  of  .steriods  in  patient.s 
after  admini.stration  of  ACTH  (A)  and  ACHdl  plus  hvdrochlorothiazide 
B). 

In  Table  1,  part  (1°),  the  clearance  values  of  fractions  of  .steroids,  studied 
liefore  (A)  and  after  administration  of  probenecid  (B),  are  reported.  The 
admini.stration  of  probenecid  cau.ses  a  sharp  fall  in  the  clearance  of  the 
17-KS  and  maiidy  of  androsterone,  a  less  marked  decrease  in  the  clearance 
)f  the  conjugated  17-01  ICS,  and  no  modification  of  the  clearance  of 
bee  17()H-CS. 

In  part  tAvo  (2°)  of  the  table,  the  clearance  values  of  .steroids  of  the 
'econd  group  of  subjects  examined,  before  (A)  and  after  administration  of 
hydrochlorothiazide  (B),  are  reported.  In  these  .subjects,  in  contrast  to 
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wliat  \vas  ol).serve(l  in  the  first  experiment,  diuretic  a<linini.st ration,  resulted 
in  a  marked  increase  in  tlie  clearance  of  all  steroids  measured,  particularly 
AND  and  conjugated  17-()HCS. 

In  part  three  (:i°)  of  the  table  the  patients  treated  with  lons-actiiiK 
ACTIl  and  hydrochlorothiazide  are  listed.  In  the.se  subjects  hormonal 
clearances,  already  high  at  the  beginning  as  a  result  of  ACTII  administra¬ 
tion,  tended  to  increase  to  even  a  greater  extent  as  compared  to  the 
patients  receiving  hydrochlorothiazide  alone,  especially  in  the  case  of 
AND. 

DISCUSSION 

Probenecid  appears  to  cause  an  inhibition  of  certain  functions  of  the 
renal  tubules.  This  inhibition  has  been  used  for  a  long  time  in  the  treat¬ 
ment  of  gout,  because  of  its  effect  on  inhibiting  the  tubular  reab.sorption  of 
uric  acid.  It  has  also  recently  been  used  in  the  treatment  of  hypopara¬ 
thyroidism  because  it  blocks  the  tubular  reabsorption  of  phosphorus. 
Probenecid,  moreover,  causes  a  decrease  in  the  urinary  excretion  of  some 
endogenous  or  exogenous  sub.stances  which,  like  penicillin  and  paraamino- 
benzoic  acid,  are  removed  by  kidney  via  tubular  .secretion  (PI).  Since  .some 
steroids,  mainly  .VNl),  are  excreted  in  the  urine  by  means  of  tubular 
secretion,  their  excretion  is  inhibited  by  probenecid  (14,  lo.  It),  17). 

Our  experiments  with  probenecid,  carried  out  with  different  methods 
from  those  used  by  the  aliove  authors  (11,  lo.  Hi,  17)  confirm  such  be¬ 
haviour  with  regard  to  the  17-KS  of  normal  endogenous  production. 

It  is  interesting  to  point  out  that  hydrochlorothiazide  causes  effects  very 
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different  from  those  of  proV)eneci(l,  as  far  as  the  clearance  of  the  steroidal 
hormones  is  concerned:  hydrochlorothiazide,  not  oidy  remarkahh’  increases 
the  clearance  of  the  endoKenous  17-KS,  mainly  of  AND,  but  also  the 
clearance  of  the  conjufiated  17-()J1CS  to  a  greater  extent  than  was  found 
for  chlorothiazide  (3,  4,  o).  It  is  well  known  that  hydrochlorothiazide, 
probably  by  decreasing  tubular  reabsorption  of  XaCl,  has  a  remarkable 
diuretic  effect.  We  think  that  hydrochlorothiazide  may  increase  steroid 
excretion  by  a  similar  mechanism.  It  is  possible  that  the  increase  in 
urinary  excretion  of  the  hormones  could  be  connected  with  a  greater 
elimination  of  water. 

Some  years  ago,  McHenry  c/  al.  (IS)  and  Pincus  (Iff)  pointed  out  that 
there  might  l)e  a  relation  between  the  urinary  volume  and  the  excretion  of 
the  17-KS  in  normal  men.  Recently  Brown  and  Asher  (20)  found  an  in¬ 
crease  in  the  urinary  excretion  of  steroids  and  a  decrease  in  plasma  levels 
in  normal  subjects  to  whom  water  had  been  administered.  The  authors 
attributed  the  above  mentioned  result  to  a  direct  effect  of  water  on  renal 
function  rather  than  indirectly  through  stimulation  of  adrenocortical 
secretion. 

In  a  recent  paper  Hatfield  and  Shuster  (21)  found  no  increase  in  the 
excretion  of  conjugated  17-()HCS,  whereas  they  ob.served  a  remarkable 
increase  in  urinary  values  of  17-KS  and  of  free  17-()HCS  in  .subjects  who 
had  undergone  water  administration.  The  above-mentioned  authors  sug¬ 
gest,  on  the  basis  of  their  results,  that  the  increase  in  the  excretion  of 
these  steroids  after  water  administration  may  be  due  to  an  action  on  renal 
tubules.  These  experiments  show  that  the  homeostasis  of  steroids  can  be 
influenced  by  agents  acting  at  the  renal  level. 

In  the  patients  we  studied,  a  close  relation  l)etween  urinary  volume  and 
excretion  of  steroi<ls  was  not  found,  .\dministration  of  hydrochlorothiazide 
did  not  cause  the  same  changes  in  plasma  and  urinary  levels  of  the  steroids 
examined:  in  fact  hydrochlorothiazide,  exerting  at  renal  level,  caused  a 
more  remarkable  increase  in  the  urinary  excretion  of  17-KS  than  in  the 
excretion  of  17-OHC'S,  and  caused  a  more  remarkable  increase  in  the  AND 
urinary  excretion  than  in  the  I)l'h\  excretion.  Also,  the  hydrochlorothia¬ 
zide  caused  an  increa.se  in  urinary  excretion  of  conjugated  17-()HCS  and  a 
less  or  no  increase  at  all  of  free  17-()IK)S  excretion. 

The  levels  of  steroids  in  the  blood  of  the  normal  individuals  we  have 
studied  undergo,  after  administration  of  hydrochlorothiazide,  a  remarkable 
decrea.se  without  reaching,  however,  levels  lower  than  those  of  normal 
values.  In  subjects  to  whom  long-acting  .V('TH  was  given,  the  administra¬ 
tion  of  hydrochorothiazide  caused  an  increase  in  the  clearances  of  steroids. 

In  our  ])revious  papers  (2,  .4,  4)  we  emphasized  that  the  increase  of  the 
clearance  of  steroids  caused  by  ACTH  and  cortisone,  was  due  mainly  to  an 
increase  in  glomerular  filtration  of  the  hormones.  This  makes  it  possible  to 
influence  the  urinary  excretion  of  .steroids  even  in  subjects  with  adreno- 
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cortical  hyperfunction.  Tlie  steroidal  values,  in  the  hlood  of  subjects  to 
whom  ACTll  had  been  given,  undergo  a  decrease  after  administration  of 
hydrochlorothiazide  Avhich  is  proportional  to  that  found  in  subjects  not 
treated  with  ACTII.  lloAvever  the  values  of  steroids  in  plasma  in  the  above 
mentioned  subjects  were  still  higher  than  normal. 

These  data  suggest,  in  agreement  with  Hatfield  and  Shuster  (21),  that 
it  is  possible  to  influence  the  plasma  levels  of  steroids  acting  at  renal  level, 
but  changes  in  plasma  levels  of  steroids  will  occur  only  if  the  adrenal  cortex 
exerts  a  permissive  action. 

In  cases  of  adrenal  hypofunction,  the  administration  of  hydrochlorothia¬ 
zide  might  cause  a  slight  hormonal  compensation  with  low  plasma  value  of 
steroids.  On  the  other  hand,  in  states  of  adrenal  hyperfunction  plasma 
values  of  steroids  unmodified  or  higher  than  those  at  the  outset  might  be 
found  after  the  administration  of  this  diuretic  drug. 
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AHSTRACT 

Hyi)<)i)hys(*ct(nniz(‘(l  and  intact  iniinatnrc  fcnnalc  rats  were  injected  witli 
diethylstiliiestrc)!  in  daily  doses  of  1  inj:;.  or  1  /xfj  for  j)eriods  of  2-20  days. 

The  larf^e  doses  incr(‘as('d  ovarian  \vei^;hts  to  an  average  of  37  ni}?.  on  tlie  Kth 
day  in  hoth  the  intact  and  liyj)oi)liysectoinized  {froups,  after  wliieh  a  }?ra<lual  de¬ 
cline  occurred  for  the  duration  of  the  experinnuit.  In  hypo|)hysectoinized  ani¬ 
mals.  ovarian  weifihts  \vert“  sifjnificantly  ^•'♦'iiter  than  those  of  uninject(‘d  con¬ 
trols  for  the  entire  experimental  interval.  This  was  true  in  intact  animals  until 
1 1  day.s,  after  which  control  ovaries  wen'  heavier  owing  to  luteinization. 

The  small  dose  of  stilhestrol  did  not  significantly  increase  ovarian  weight 
in  hypophysectomized  rats,  although  some  follicvdar  growth  was  noted  micro¬ 
scopically.  In  intact  rats,  the  small  dos('  incn'ased  ovarian  weights  at  S  days, 
ai)i)arently  through  intermediary  release  of  pituitary  gonadotroi)hin. 

This  study  confirms  previous  investigations  in  showing  that  large  doses  of 
stilhestrol  cAu.se  growth  and  maintenance  of  medium-siz('d  follicles  in  rat 
ovaries.  The  demonstration  of  similarities  in  weight  increast's  and  histological 
findings  in  intact  and  hyi)oi)hysectomiz('d  rats  jjrovides  further  evidence  for  a 
direct  action  of  stilhestrol  on  the  ovary. 

Moore  and  Price  (1)  injected  .small  doses  of  .sex  hormones  into  im¬ 
mature  rats  and  concluded  that  tiie.se  substances  exerted  no  direct 
influence  on  the  gonads.  Pencharz  (2)  and  Williams  (R)  implanted  stil- 
be.strol  pellets  subcutaneously  in  hypophysectomized  immature  female  rats 
and  noted  increased  numbers  of  medium-sized  follicles  and  maintenance  of 
ovarian  weight  after  eight  days.  Similar  re.sults  were  obtained  by  Payne 
and  Hellbaum  (4)  after  injecting  large  doses  of  stilbestrol  into  hypophy¬ 
sectomized  rats  for  four  days.  These  results  indicate  that  stilbestrol  exerts 
a  direct  effect  on  the  rat  ovary.  The  pre.sent  study  was  undertaken  to 
investigate  this  influence  with  special  regard  to  (luration  of  treatment  and 
comparison  of  large  and  small  doses. 

M.\TERI.\LS  AM)  -METHODS 

Tw»‘uty-thrcc-(lay-ohl  female  Si)rague-l)awley  rats,  hyjjophysectomized  at  Hormone 
.\ssay  Laboratories,  Iiic.,  ('hicago,  were  ri'ceived  iii  this  laboratory  on  the  second  post- 
operativ<‘  day.  Kach  animal  was  injected  with  2.o  mg.  cortisone  acetate  upon  arrival  ami 
injections  of  diethylstilbestrol  were  begun  on  the  following  day. 

H»'ceived  October  24,  l!)(i(). 

'  This  study  was  supported  by  I’.S.IMI.S.  Grant  .\-ll)Sfi. 
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liil.Mcl  IVin.ilr  nils  wcri'  rcicixcd  :il  'id  21  tl:iys  <>l'  aiul  injcclioiis  wcrt'  la-fiuii  mi 
the  liillowinK  day. 

l-^arh  nr  cniitml  }irou|)  was  (-(iiiiiinscd  of  animals.  Test  animals  wen*  injected 
'ulieutanenusly  once  daily  with  either  1  mfj.  nr  1  /zj;  of  diethylstilhestrni  dissolved  in 
0.1  ee.  of  iieanut  nil.  The  injeetinns  were  eontinued  for  various  periods  ransins  from  2 
to  20  days.  I’ninji'eti'd  control  animals  were  ea}j;ed  separately.  All  animals  had  aeeess  to 
I’lirina  chow  and  taj)  water  mi  lihitutn. 

'i'wenty-four  hours  after  the  last  injeetion.  each  ti'st  f!;roup  of  rats  was  asphyxiated 
with  natural  ('outrol  Kroujis  were  also  killed  at  eorrespondiiif?  times.  Th(>  ovaries 
wen'  dissected  fn'(',  weif>;hed  to  the  nean'st  0.5  m^.  on  a  Roller-Smith  torsion  halaner',  and 
lived  in  Bonin’s  solution.  .\ft('r  paraffin  ('mheddinff,  tlu'  ovaries  were  seetioiu'd  at  5  /a 
.ind  stained  with  hematoxylin  and  eosin.  Initial  ami  terminal  body  weifjhts  wi're  re¬ 
corded  and  the  ennditinn  of  the  uterus  was  not('d  at  autopsy. 

RESULTS 

Figure  1  shows  tlie  averages  for  ovarian  weights  of  70  liypopliyseeto- 
inized  rats  after  various  intervals  of  eitlier  observation  or  treatment  with 
stilbestrol.  It  is  evident  that  ovarian  weiglit  is  more  than  tripled  after 
S  days  of  treatment  with  1  mg.  doses.  1‘Aen  though  a  gradual  deeline  fol¬ 
lowed,  at  20  day.s  of  treatment  the  ovarian  weight  was  still  signifieantly 
above  that  of  the  initial  and  terminal  controls.  The  ovaries  of  uninjected 
control  animals  declined  in  weight  after  hypophysectomy  and  those 
animals  injected  daily  with  1  jug  of  stilbe.strol  had  ovaries  weighing  only 
slightly  more  than  the  controls. 

Histologically,  the  ovaries  contained  many  medium  sized  follicles  after 
treatment  with  a  total  of  (S  mg.  (Fig.  'A).  Some  follicles  showed  atretic 
changes,  but  many  were  healthy  and  growing.  After  S  jug  of  stilbestrol,  the 
ovaries  contained  more  growing  follicles  than  did  control  ovaries  although 
the  degree  of  stimulation  was  minimal  (Figs.  4  and  o). 

Figure  2  shows  the  averages  for  ovarian  weights  of  lOo  intact  animals 
used  in  this  study.  Ovarian  weights  were  double  those  of  controls  after 


Fic.  I.  .Vvenifji'  ovarian  weiubts  of  hypoplivseetomized  rats.  Itraekets 
imlieat('  ±  stamlanl  error  of  the  mean. 


Stilbestrol  dug  daily  ) 
CD  Stilbestrol  (Img  daily! 
CD  Control 


INTACT  IMMATURE  RATS 


S  (lays  of  treatment  with  1  mg.  doses.  Longer  intervals  were  associated 
with  regression  in  ovarian  weight.  A  .similar  pattern  is  noted  for  intact 
animals  receiving  1  jug  daily.  After  11  days,  ovaries  of  control  animals 
uniformly  contained  corpora  lutea  and  large  follicles  and  were  heavier  than 
ovaries  of  treated  animals. 


Fi(i.  Ovary  from  hypophys(‘ct()miz('(l  iir.matun*  rat  after  S  days  of 
treatment  with  I  inji.  still>es(rol  daily. 


«.  4.  Ovary  hypopliyscctomizcd  iininaturc  rat  after  N  days  of  treatiueiit  witli 
stillx'strol  daily.  'I'liere  are  more  ••rowiDK  follicles  than  in  the  uninjected  control 
o). 


I’ uj.  i).  ('vary  of  nninj(‘<-ted  hyi)ophysectoinize(l  control  rat  at  S  days. 
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Fig.  ().  Ovary  of  intact  immature  rat  after  8  days  treatment  with  1  m^.  stilhestrol 
ilaily.  Tlie  i)eculiar  periplieral  dissolution  of  the  ffranulosa  was  descrilied  In-  Simpson 
et  al.  (5). 

Hi-stologically,  the  ovaries  of  intact  rats  fj;iven  a  total  of  cS  nifj;.  stilhestrol 
Avere  very  similar  to  those  of  the  hypophysectomized  rats  receiving  the 
same  do.se  (Figs.  3  and  (i).  Control  ovaries  at  S  days  Avere  immature  in 
appearance  and  contained  feAv  groAving  follicles  (Fig.  7). 

Body  Aveights  of  animals  treated  daily  Avith  1  mg.  stilhestrol  Avere  loAvei 
than  those  of  animals  receiving  1  /xg  daily  or  untreated  controls.  If  the  ratio 
of  ovarian  Aveight  to  body  Aveight  had  been  computed  (4),  the  apparent 
difference  hetAveen  the  effect  of  the  large  and  small  dose  on  ovarian  Aveight 
increase  Avould  have  been  even  greater. 


DISCUSSION 

Ovarian  reponse  in  hypophysectomized  rats 

The  results  noted  after  treatment  Avith  daily  1  mg.  doses  of  stilhestrol 
confirm  earlier  obserA’ations.  Payne  and  Hellbaum  (4)  and  Simpson  et  al. 
('))  produced  enlarged  ovaries  containing  many  medium-sized  follicle^ 
after  4  aiul  S  days  respectively.  It  Avas  found  that  1  mg.  daily  of  stilhestrol 
Avas  about  the  maximal  do.se  tolerated  by  immature  rats  (4).  Claarenstroon 
and  de  Jongh  (6)  injected  1  mg.  estradiol  benzoate  daily  for  5  days  aftei 
unilateral  castration  and  noted  a  slightly  increased  weight  of  the  remaining; 
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Fig.  7.  Ovary  of  intavt  uninjoctod  control  rat  at  8  days. 


Our  particular  interest  in  the  present  study  was  to  elucidate  the  .secpien- 
lial  pattern  of  follicular  }»;rowth  and  ovarian  weight  change  during  con¬ 
tinuous  estrogen  administration.  The  period  of  increasing  ovarian  weight 
appears  to  be  limited  to  about  the  first  S  days  of  treatment,  by  which  time 
maximum  weights  were  obtained  in  this  particular  .series.  A  gradual  decline 
had  begun  by  11  days,  and  although  a  relatively  wide  range  was  ob.served 
at  1 1  days  as  indicated  by  the  standard  error,  this  decline  continued 
through  20  days.  However,  it  is  noteworthy  that  the  large  dose  treatment 
maintained  ovarian  weights  well  above  control  levels  for  the  entire  experi¬ 
mental  interval. 

The  small  dose  did  not  prevent  post-hypophy.sectomy  ovarian  weight 
regres.sion.  This  was  in  marked  contrast  to  the  weight  stinudating  effect  of 
the  large  dose.  Apparently,  small  do.ses  do  not  reach  the  ovary  in  sufficient 
concentration  to  cause  significant  weight  increases,  but  a  slight  rise  in 
munbers  of  solid,  medium-sized  follicles  after  S  days  of  1  /xg  stilbestrol 
daily  indicates  some  direct  effect.  Other  investigators  have  u.sed  smalt  doses 
'•f  estrogens  in  attempts  to  influence  the  ovary  directly.  (Jreep  and  .Jones 
7)  and  I’aesi  (S)  found  no  appreciable  weight  change  after  .‘i  to  7  days 
■reatment  with  daily  doses  of  estradiol  benzoate  smaller  than  1.4  /xg. 
Increased  average  follicular  size  was  noted  by  Croe.s-I^uth  et  al.  (9)  after 
njection  of  doses  as  small  as  ()..')  /xg  estradiol  benzoate,  but  ovarian  weight 
Mcrea.ses  were  not  evident. 
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Ovarian  response  in  intaet  animals 

No  previous  study  has  considered  the  seciuential  changes  in  the  ovaries 
of  intact  immature  rats  during  continuous  estrogen  treatment.  The  controls 
selected  for  comparison  in  this  type  of  study  are  important  since  significant 
ovarian  changes  occur  between  the  third  and  fifth  weeks  of  life.  Moore  and 
Price  made  observations  after  a  .‘i  week  interval  by  which  time  untreated 
control  ovaries  contained  corpora  lutea.  Their  results  were  therefore  similar 
to  those  for  the  small  dose  in  the  14-20  day  interval  in  the  present  study 
(Fig.  2).  From  this  they  generalized  that  estrogen  inhibited  the  ovary  by 
decreasing  gonadotrophin  release  from  the  pituitary  and  concluded  that 
estrogen  had  no  direct  effect  on  the  ovary. 

Our  observations  show  that  the  above  interpretation  is  invalid  for  earlier 
intervals  if  one  considers  the  findings  after  5-8  days  of  treatment  with  the 
small  dose  (comparable  to  that  used  by  Moore  and  Price).  At  8  days, 
ovarian  weights  were  increased  significantly  over  those  of  untreated  con¬ 
trols  (Fig.  2).  This  contrasts  with  the  results  noted  after  the  same  dose  and 
interval  in  the  hypophysectomized  series  where  no  appreciable  weight 
changes  occurred.  We  would  not  argue  that  the  ovarian  weight  stimulation 
in  the  intact  series  was  due  to  a  direct  effect  of  the  small  estrogen  dose. 
Most  of  this  effect  is  probably  due  to  an  early  release  of  gonadotrophin  by 
the  pituitary.  Fevold  and  Fiske  (10)  and  Bradbury  (11)  have  shown  that 
small  doses  of  estrogen  increase  the  output  of  gonadotrophin  in  the  5-8  day 
interval.  It  seems  likely  that  the  gonadotrophin  and  estrogen  exert  a 
combined  influence  resulting  in  increased  ovarian  weight.  .\  comparison  of 
histological  findings  in  the  ovaries  of  intact  and  hypophysectomized  rats 
treated  with  the  small  dose  supports  this  interpretation.  Large,  vesicular 
follicles  were  predominant  in  the  ovaries  of  the  intact  rat,  whereas  the 
ovaries  of  the  hypophysectomized  rat  contained  mostly  solid,  smaller 
follicles. 

The  ovarian  weight  increases  produced  by  the  large  estrogen  do.'^e  in 
intact  rats  are  very  similar  to  those  observed  in  the  hypophysectomized 
group,  both  in  secpience  and  weight  levels  attained  (compare  Figs.  1  and  2). 
Some  of  the  effect  of  large  doses  in  the  intact  animals  may  conceivably  be 
attributed  to  intermediary  action  by  the  pituitary.  However,  it  seems  more 
likely  that,  during  large  dose  treatment,  sufficient  (piantities  of  estrogen 
reach  the  ovary  to  produce  direct  follicular  stimulation,  as  evidenced  by 
the  similar  morphological  response  obtained  in  both  intact  and  hypophy¬ 
sectomized  rats  (Figs.  5  and  (5). 
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KFFI'XT  OF  A  STEROID  SPIROLA(TONE  OX  THE 
('ARDIOVAS(TLAR  (XIAXGES  PR0DU(X-:D 
BY  RENAL  IS(XIEMIA‘ 

MIKLOS  XADASDr' 

InMilut  lie  Mtdccitu  ct  dc  Chirurgic  expcriiin ntalrs,  1' niirraitu  of 
Montreal,  Montreal,  Canada 

AnSTHA(  T 

S('-9J2()  (or  AldactoiU').  an  antiiniiu'ralocorticoid  spirolactonc  sifiiiiticaiitly 
protects  against  the  mortality  and  some  of  tlie  eardiovaseiilar-nmal  elianges 
normally  i)rodue(‘d  by  tin*  i)resenee  of  an  iseln*mie  (or  “(‘nd<<erine”)  kidney  in 
rats. 

Since  ,\ldaetone  acts  similarly  on  the  manifestations  of  desoxyeortieostc'rone 
overdosage,  this,  together  with  previous  findings.  indieat(‘s  a  close  relationship 
l)(*tween  tin*  toxic  eff(*ets  of  mineraloeortieoids  and  those  of  r(*nal  s(*eretory 
products. 

Steroid  spirolaetoin*s  may  ])rov(*  to  he  us(*ful  against  cardiovascular  damage* 
in  clinical  eases  of  renal  hyp(*rtension. 

Till']  production  of  permanent  unilateral  renal  ischemia  in  rats  induces 
a  characteristic  pathological  pattern  in  the  cardiovascular  system, 
indistinguishahle  from  the  changes  .seen  after  overdosage  with  desoxy- 
corticosterone  (DOC)  (1).  The  similarity  between  the  manifestations  of 
renal  i.schemia  and  those  of  mineralocorticoid  (MC)  toxicity  was  further 
demonstrated  by  their  identical  response  to  pituitary  and  adrenal  influ¬ 
ences  (2),  and  to  the  effect  of  certain  Xa-.salts  that  modify  the  pathological 
picture  in  the  heart  (3).  It  has  also  been  shown  that  both  agents  are  able  to 
aggravate  nephrocalcinosis  produced  by  exce.ssive  phosphate  administra¬ 
tion  (4).  Apparently  the  effect  of  the  ischemic  kidney  is  not  mediated 
through  the  stimulation  of  adrenocorticoid  secretion  since  adrenalectomy 
does  not  abolish  its  action  (2). 

On  the  basis  of  the  obvious  parallelism  between  the  action  of  renal 
ischemia  and  MC  overdosage  it  was  of  interest  to  .see  whether  one  of  the 
newly  discovered  mineralocorticoid  antagonists  is  able  to  influence  the 
morphological  changes  elicited  by  unilateral  renal  i.schemia. 

M.\TERI.\LS  .\NI)  .METHODS 

Fifty-thrci*  fomah*  SpragU(*-l)awh*y  rats  from  tlu*  Holtzmaii  farm,  with  an  av(*rag( 
initial  body  wvight  of  100  gm.  (range*:  02  gm.-lOO  gm.)  wen*  (livi(h*(l  into  four  grouj)' 

R(*eeivP(l  October  2S,  1900. 

'  This  work  was  sui)i)ort(*tl  by  the  National  n(*art  Institute*,  T.  S.  Puhlie*  He*alth 
Se*rvie*e  ((Irant  net.  H-4().SS  ((’2)). 

.Vuthor’s  i)re*se*nt  aehlre*.ss:  l)e*partme*nt  eif  Physioleigy  anel  Pharmae-eeleegy,  Ne*w  Yeuk 
.Me*(lie*al  ('eille*ge*.  Ne*w  Veirk,  N.  V. 
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ns  iiidicntcd  in  Tnltlc  I.  'I'lic  nniinnls  were  krpl  on  "I’liriiin  l'’ox  Cliow”  niid  t:i|)  wntcr 
n<l  lil)itum.  k»‘t<>-7-tlno-nin-t()xy-17#i-liy<lr<>xy-4-niidn)sl(‘n-17«-yl)  propniioii-  ncid 
Inctunc  (S('-U420)  i»r  ‘■Aldactoiic’”  was  Kivcn  at  the  daily  dose  of  7  inn.  d*  fdc  form  of  a 
microcrystal  suspension,  in  0.2  ee.  of  water,  suheiitaneously,  starting:  on  tlie  first  day  of 
tlie  experiment.  On  the  tliird  day  unilateral  isehemia  of  the  left  kidney  was  jirodueed 
aeeordinn  to  the  “endoerine-kidiu'y  teehnitpie”  of  Selyt*  (o)  hy  partially  linatinn  the 
aorta  between  the  two  renal  arteries,  usinn  the  stylet  of  a  22  hypoihuinie  nec'dle. 

On  th(‘  einhteenth  day  the  surviving:  rats  wen*  killed  with  (diloroform,  and  tin*  hearts, 
kidneys  and  jianerea.ses  were  fixed  with  Susa  solution  and  emheddi'd  in  paraffin  for 
suhseciuent  staininn  with  the  jM'riodie  aeid-Sehiff  rean<‘nt.  The  histolonieal  ehannt's  were 
nrad(“d  on  an  arbitrary  scale  from  0  to  3.  this  beinn  the  most  feasible  way  of  measurinn 
mor|)holonieal  re.siilts  that  cannot  be  expressed  in  more  (piantitativi'  terms.  The  adrenal 
and  thymus  nhmds  were  weinhed  on  a  torsion  balama*.  The  mieroseojiie  findings,  to- 
HetluT  with  their  standard  errors,  tlu‘  pereentual  incidence  of  lesions  as  wtdl  as  the 
mortality  rate  are  shown  in  Table  1. 


RESULTS  AND  DISCUSSION 

Neither  the  intact  control  (group  1)  nor  the  intact,  Ahlactone-treated 
rats  (group  2)  showed  any  patliological  clianges.  In  group  3,  almost  o0%  of 
the  “endocrine-kidney”  hearing  animals  succumbed  to  severe  cardiovascu¬ 
lar  and  renal  damage.  This  mortality  rate  was  completely  prevented  by  the 
steroid  spirolactone  (group  4).  Most  of  the  morphological  lesions  were  also 
decreased  by  Aldactone,  with  tlie  exception  of  cardiac  periarteritis  and 
occasional  necrosis.  The  other  manifestations  of  the  “endocrine-kidney 
.syndrome,”  namely  myocardial  hyalinization,  nephrosclerosis  and  pan¬ 
creatic  periarteritis  were  significantly  inhibited  by  the  antimineralocorti- 
(*oid.  These  ob.servations  might  be  of  great  significance  from  both  a  patho¬ 
genic  and  a  clinical  point  of  view.  Our  previous  findings  regarding  the 
similarities  between  MC  toxicity  and  the  “endocrine-kidney  syndrome” 
are  now  further  supported  by  the  fact  that  a  substance  known  as  a  .MC 
antagonist  can  also  counteract  a  .syndrome  that  has  similar  manifestation.s 
but  is  of  a  virtually  different  origin  from  that  of  MC  overdosage. 

Preliminary  experiments  performed  on  adrenalectomized  rats  indicate 
that  SC-942()  does  not  exert  its  beneficial  effect  by  merely  suppressing  th(‘ 
action  of  endogenous  MCs;  however  a  larger  number  of  animals  are  still 
needed  to  affirm  this  within  the  limits  of  .stati.stical  significance. 

Our  findings  are  in  accordance  with  tho.se  of  other  authors  on  the  toxicit> 
of  DOC.  Sturt evant  has  found  that  certain  spirolactones  markedly  antago¬ 
nize  the  effect  of  DOC  on  electrolyte  changes  while  the  va.scular-rena' 
damage  is  only  slightly  influenced  ((>,  7).  He  has  shown  that  although  S(' 
')23:f  prevents  hypertension,  .some  morphological  lesions  are  still  present 
Selye  (S)  reported  on  the  protective  effect  of  .Vldactone  against  tin 
myocardial  necrosis  produced  by  t)a-fluorocortisol  plus  Na2HP04.  He  alsi 
ob.served  that  even  after  treatment  with  .\ldactone,  small  necrotic  foci  an 
still  detectable  in  50%  of  the  rats,  while  the  mortality  is  completely 
jnevented.  Ducommun  cf  til.  (0)  have  found  that  while  .Vldactone  .signifi- 
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anlly  decreases  llio  mortality  rate,  it  lias  iioolToct  on  tlio  liyix'i  tcMisioii  and 
ally  partially  provonts  tlio  pat liolofjjical  cliaufjos  produced  hy  !)()('  ovor- 
losa^o. 

The  i)revention  hy  Aldactonc  of  thymic  involution  normally  seen  after 
he  “endocrine-kidney”  operation  indicates  that  this  compound  tends  to 
liminate  the  nonspecific  stress  effect  of  the  ischemic  kidney.  The  develop- 
aent  of  adrenal  hypertrophy  under  these  circumstances  does  not  necessar- 
y  contradict  this,  since  it  misht  he  due  to  the  specific  effect  of  the  anti- 
aineralocorticoid  which,  hy  the  inactivation  of  endo}i;enous  M(\s, 
timulates  the  hypersecretion  of  these  hormones,  thus  leading  to  adrenal 
lypertrophy,  as  seen  in  group  2  in  which  intact  animals  treated  with 
ddactone  also  have  enlarged  adrenals. 

When  comparing  our  present  findings  with  those  reported  on  the  effect  of 
Aeroid  spirolactones  upon  the  manifestations  of  DOC’  overdosage,  one  may 
ronclude  that  there  seems  to  he  a  close  relationship  between  the  action  of 
inineralocorticoids  and  that  of  renal  secretory  products.  Steroid  spirolac- 
lones  may  prove  to  he  useful  against  cardiovascular  damage  of  patients 
with  renal  hypertension. 
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INFLUENCE  OF  STRESS  ON  PLASMA  AND  ADRENAL 
('ORTK'OSTERONE  LEVELS  IN  RATS  WITH  INTACT 
AND  REOENERATING  ADRENALS^ 

PAUL  M.  HYDE  and  FLOYD  IL  SKELTON 

I'rban  Maes  Research  Foundation  and  Departments  of  Bioeliemistrn  and  Pathologi/. 

Louisiana  State  Fniversitp  School  of  Medicine.  Xetc  Orleans,  Louisiana 

ABSTRACT 

A  study  was  inad('  of  tlio  ability  of  the  ri'Koiioratiiifi  adrenal  to  secrete  corti- 
eosterone  in  response  to  stress  as  ])art  of  our  investigation  of  the  |)ossit)le  role  of 
reKeneratinK  adrenoeortieal  tissue  in  the  frenesis  of  adrenal-reffeneration  hyper¬ 
tension.  Response  to  stress  was  measured  in  rats  bearing;  intact  a<lrenals.  two 
reseneratinf!;  adrenals,  and  one  rcKmieratinf;  adnmal.  (Iroups  of  20  such  animals 
were  j;iven  water  or  1%  salim'  to  drink,  or  uninephreetomiz(‘d  and  ffiven  1^ 
saline.  Twenty-one  days  after  enuehaition.  the  rats  were  (hrapitated  under 
“resting”  and  “stressed”  conditions.  Corticosterone  in  plasma  and  adrenal 
pools  was  imaisured  by  an  isotopic  dilution  techni(pi(‘  usiiif!;  corticosterone-4- 
C’^  and  a  fluorometric  i)rocedure.  Plasma  level  of  all  f^roups  of  unstressed  rats 
were  e.ss<'ntially  tin*  same,  raiifjiinK  from  3  to  7  /if;  cortic<»sterone  100  ml.  In 
rats  with  intact  adrenals,  i)lasma  corticosterone  levels  were  directly  related  to 
the  amoun-t  of  steroid  in  the  glands  under  n'stin^  and  stressed  conditions.  Rc- 
fieneratinn  adrenals  contained  from  2  to  4  tinu's  mon*  corticost(“ron(‘  under 
resting  conditions  than  could  be  exiM'cted  from  jdasina  levels.  Rats  with  two 
reneneratinn  adrenals  resjxmded  to  stress  with  hinher  |)eripheral  i)lasma  levels 
of  corticost(‘r<»ne  than  did  animals  with  one  re}feneratinj>;  uland,  but  tiu'se  values 
w(‘re  always  less  than  those  of  tin*  controls.  Neither  salt  load,  nor  salt  load  and 
uninei)hrectomy  chanfi(‘il  the  funi-tional  response  of  re}>;eneratin}>:  a<lr('nal  tissue 
to  stress. 

IN  AN  attempt  to  clarify  the  role  of  adrenal  cortical  tis.sue  in  the  produc¬ 
tion  of  the  hyperten.sive  syndrome  in  rats  hearing;  regenerating  adre¬ 
nals,  a  stiuly  of  the  ability  of  regenerating  glands  to  secrete  corticosterone 
in  response  to  stre.ss  was  undertaken.  Holzhauer  and  Vogt  (1)  and  Weisz 
and  coworkers  (2)  have  reported  that  regenerating  adrenals  .secrete  less 
than  normal  amounts  of  corticosterone  for  as  long  as  12  weeks  aftei' 
enucleation.  Masson  et  al.  (8)  found  that  regenerating  adrenals  removed 
from  uninephrectomized,  .salt-treated  rats  8  and  4  weeks  after  enucleation 
produced  le.ss  corticosterone  than  did  normal  glands  when  incubated  with 
ACTIL  Adrenal  venous  plasma  from  these  animals  also  was  found  to  con¬ 
tain  smaller  (piantities  of  cortical  hormones  than  did  adremd  vein  plasma 

Rcc(“iv(“(l  Novombcr  4,  191)0. 
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2.i() 


iigiist,  I'.Xil  Fl'X(  riOXS  OF  RKOKXKRATl X(i  ADRKXALS  251 

om  control  rats.  On  tlic  otlx'r  liand,  (liroud  cl  o/.  (4)  reported  normal 
orticosterone  secretion  hy  the  regeneratinfj;  adrenal  after  RO  days.  Hecon- 
liation  of  these  divergent  findings  may  lie  in  the  suggestion  of  Brogi  and 
ellegrino  (o)  that  in  response  to  stress,  regenerating  adrenals  can  supply 
>rmal  amounts  of  corticosterone  for  short  periods,  up  to  80  minutes,  hut 
>  incapable  of  a  high  rate  of  secretion  over  longer  intervals.  It  was  felt  that 
‘termination  of  the  levels  of  corticosterone  in  peripheral  plasma  and 
Irenal  tissue  of  animals  hearing  regenerating  glands  under  both  resting 
.  id  stressful  conditions  might  help  to  resolve  this  is.sue  of  the  functional 
I  ipacity  of  these  glands.  Since  regenerating  adrenal  glands  have  been 
i  iplicated  in  the  genesis  of  a  form  of  experimental  hypertensive  disease  (ti) 
i  was  considered  worthwhile  to  similarly  study  the  function  of  regenerating 
a'lrenals  in  animals  given  a  1%  sodium  chloride  drinking  solution  and  in 
(  diers  which  were  uninephrectomized  and  given  1%  saline,  the  latter 
conditions  being  those  necessary  for  the  development  of  hypertension. 

METHODS 

(!rou])s  of  20  female  rats  of  tlu'  Holtzmaii  strain  weif^liiii^  50  to  00  ffiu.  wert'  (.V)  U'ft 
intact.  (R)  l)otli  adrenals  enucleated,  or  ((’)  adrenal(‘ctoiniz<‘:l  on  tin*  rifflit  side  anil 
the  li'ft  adrenal  enucleated.  In  the  first  expi'iiinent  animals  of  ffioups  A.  It.  and  ('  were 
fed  Rurina  Chow  anti  water  ad  lihitum.  In  tlu*  second  exi)eriment  4  such  k>ou|)s  wen* 
ifivi'ii  1%  XaCl  to  drink.  whil(>  in  tin*  third  experinnmt  all  animals  in  the  .4  fjrouits  were 
miini'phreetomized  and  >riven  \%  saline.  'I'he  rats  were  killed  aftt'r  21  days,  heeause 
active  regenerated  cortical  tissue  is  present  at  this  time  (7)  and  elevation  of  blood 
pressure  ffcnerally  hcKins  hetweam  4  and  4  wet'ks  after  emudeation  (15).  Xon-stressed  or 
resting"  conditions  wert'  attained  by  kee|)inn  the  rats  in  individual  eases  in  the  dark 
(ivernisht,  after  which  they  wen*  carefully  removed  one  at  a  time  and  rai)idly  decapitated 
ill  another  room.  Stress  was  induced  by  bilati'ral  fracture  of  the  tibia  and  fibula  under 
ether  anesthesia  and  tlu'  rats  were  kilhal  1  hour  later.  l’erii)heral  blood  was  eolleeti'd 
from  the  severed  neck  in  h(‘i)arinized  bi'akers.  centrifused  in  the  cold  and  the  jilasma 
removed  and  frozen,  'i'he  adrenals  were  (piiekly  disseetial  out,  weished  and  ipiick  frozen. 

Isotopic  dilution  with  eorticost(*rone-4-C'^-  was  sidected  at  the  lu'st  method  for 
(Icterminins  tlu*  minute  amounts  of  the  natural  hormoiu*  presi-nt  in  plasma  and  adrenal 
tissue.  .Vceordinsly.  from  2  to  10  /as  of  eortieosterone-4-(''^  of  known  s))eeitie  activity 
\\:is  added  to  tin*  pools  of  i)lasma  or  adrenals  from  each  s''"U|).  'l  lu*  |)lasma  was  diluted 
to  4  times  its  volume  with  water  and  extracted  with  15  volumes  of  CHCl.,.  'I'his  extract 
w  IS  waslu'd  with  0.05  volumes  of  0.1  X  XaOH  and  twice  with  0.05  volumes  of  water. 
T!ie  ClK’b  was  removed  in  vacuo  at  40°  C  usinj;  a  rotary  evajuirator  and  the  residue 
tiiken  uj)  in  70%  methanol.  'I'lu'  adrenals  from  eaidi  fj;rou|)  were  homogenized  in  the  cold 
and  extraeti'd  with  hot  alcohol-ether  as  previously  deserilM>d  (S).  'I'he  solvents  were* 
ih  tilled  off  in  vac  to  and  the  residue  dissolved  in  70%.  methanol.  'I'lu'si*  methanolic 
s<  hitions  were  extracted  5  times  with  2  volumes  of  hexane,  in  a  |)rocedure  similar  to 
tl  it  of  ririeh’s  (9).  'I'he  hexane  extracts  were  combined  and  washed  with  0.05  volumes 
o  70%  methanol.  'I'his  wash  solution  was  combined  with  the  ])revious  methanolic  ex- 
t  ict  and  the  (irganic  solvent  removed  in  vacuo.  'I'lu'  aijueous  remainder  was  extracted 
4  times  with  (‘(pial  volumes  of  redistilled  (‘thyl  acetate  and  this  (‘xtract  reduced  in 

-  Kindly  su|)plied  by  the  Steroid  Allocation  (’ommittee  of  Ihidocrinology  Study 
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TaHI-K  1.  ('nKTIC<ISTKK(t\K  •’oNTK.ST  OF  I'KKI  I'll  KKA I.  I'l.ASMA  AM)  ADHKNAI,  TISSI  K  I  .\ 
KATS  WITH  AM)  WITHOIT  RKC  K.\  KR  ATI  Mi  ADRKXAI.S  (iIVKN  WATKR  To  DRINK 


<  Iroiip 

'I'reat  lueiil 

Plasma 

corticosterone 
/iK/  100  ml. 

.\d renal  corticosterone 

Mt5/Km. 

MK/rat 

Intact  .\drcnals 

I'listri'ssed 

St  ressed 

5.2 
(i  1  .5 

5 . 7 

04 .  .5 

0.2:5 

2 . 7:5 

2  HefjeneratiiiK  Adrciial.x 

I’listressed 

Stressed 

(■).() 

41  .0 

12. !» 

48.0 

0.18 
i  1.75 

1  Ueci'iieratiliK  .\dreiial 

Unstressed 

Stressed 

0.5 

25.0 

20 . 4 

4:5 . 7 

0 . 5:5 

0 . 8:5 

volume  in  vacuo  to  about  1  ml.  This  was  chromatonraiilied  on  W  hatmaii  #1  filter  i)ai)er 
in  the  lv..l)  system  (10)  for  4  hours.  The  zones  absorhiiiK  ultraviolet  linht  and  having  tin 
sanu'  Rf  as  the  corticosterone  standards  were  cut  out  and  extracted  4  times  with  metha¬ 
nol  and  reduced  in  vacuo  to  10  ml.  Three  0.5  ml.  aliquots  of  each  extract,  including!;  one 
pajicr  blank  were  taken  for  fluorometric  measurement  usins  a  modification  of  the 
Zenki'r  and  Bernstein  procedure  (11)  for  the  deti'rmination  of  corticosterone.  Three 
other  0.5  ml.  aliquots  of  each  extract  wen*  oxidized  by  the  wet  oxidation  procedure'  of 
Van  Slyke-Folch  (12),  and  the  CT);  preci])itated  as  barium  carbonate.  These  samplo 
were  counted  usiiif;  a  l)-47  Std^er  tube  for  sufficient  time  so  that  the  probable 

error  (13)  was  less  than  \%.  Corrections  for  self-absorption  was  made  with  samples  of 
Ihi(''T)3  jiri'pared  from  standard  Xa3C''H)3  obtained  from  the  XTitional  Bureau  of 
Standards.  I’siiiK  the  isotojiic  dilution  calculations  described  by  Peterson  (14),  the  new 
specific  activities  in  il/m  |)er  were  determined  and  the  amounts  of  corticosterone 
oriftinally  present  in  the  jdasma  and  adrenal  pools  were  determined.  Triplicate  aliipiots 
of  the  same  pool  carried  through  the  above  i)rocedures  aRree  to  within  ±4%.  The  si'iics 
of  exiieriments  were  rejieated  and  essentially  the  same  results  were  found. 

RESULTS 

Tlie  result. s  of  the  first  experiment  are  pre.sented  in  Table  1.  In  each  of 
the  R  (litfereiit  groups  of  animals,  the  levels  of  eireulating  eortieosterone 
were  similar  under  resting  conditions,  but  in  respon.se  to  stre.ss,  the  animals 
bearing  regenerating  adrenals  had  circulating  levels  from  40%  to  07%  of 
tho.se  with  intact  glands.  In  rats  with  intact  adrenals,  plasma  levels  seemeil 
to  be  a  direct  reflection  of  the  amount  of  cortico.sterone  in  the  glands  under 
both  resting  and  stre.ssed  conditions,  but  i?i  the  groups  with  regenerating 


TaBLK  2.  C'oRTieo.sTKRONE  CONTENT  OF  1‘ERI  I'HKRA  1.  PLASMA  AND  ADRENAL  TIS.SI  E  IN 
RATS  WITH  AND  WITHOI  T  REOENERATINO  ADRENALS  GIVEN  1%  XilC'l  To  DRINK 


( !roup 

Treat  ment 

Plasma 

corticosterone 
AiK/lOO  ml. 

.Adrenal  corticsoterone 

A*K/Km. 

MK/rat 

Intact  .\drenals 

Unstressed 

Stressed 

4.0 

00.2 

:5.2 

40.5 

0.12 

1  .78 

2  HcKcneratinK  .\drenals 

Unstressed 

Stresscil 

0 

29.  S 

10. ft 

45.8 

0:57 

0.0:5 

1  H(‘>{enerating  .\drenal 

Unstressed 

St  ressed 

2.7 

21 . 1 

I  20.0 

54.0 

0 . 42 

1  .02 
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idri'iial  tissue*  lliis  r(‘l:iti(iiislii|>  did  luet  sroiii  to  hold  unde'r  liotli  circuiu- 
taiicos.  'riius,  und(*r  |•(‘slin}^  coiidilioiis,  (ho  corticostoroiio  coiitoiit  of  (Ik* 
(*}feiu*ia(iiif?  {flaiuls  was  2  (o  I  times  f>;ioater  than  would  have  leeeii  autiei- 
nited  from  (lie  plasma  value,  while  in  response  to  stress  the  plasma  level 
ose  relatively  more  than  the  increase  in  adrenal  content  of  corticosterone. 

The  circulating  levels  of  corticosterone  in  rats  with  intact  or  2  rej?ener- 
ting  adrenals  drinkinfj;  1%  saline  were  not  appreciably  different  under 
it  her  resting  or  stressed  conditions  from  those  drinking  water  (Table  2). 
oi  animals  with  1  regenerating  gland,  however,  the  resting  plasma  corti- 
osterone  value  was  about  one  half  that  observed  in  rats  given  water  to 
irink.  The  adrenal  tissue  of  control  animals  under  resting  and  stressed 
( onditions  contained  less  corticosterone  than  in  similar  rats  allowed  water 
•i)  drink.  The  ability  of  regenerating  glands  to  secrete  corticosterone  in 


'['ABI.K  a.  OoKTIVdSTKKO.NE  CONTENT  OK  PERI  I’ll  ERA  I,  PLASMA  AND  ADRENAL  TISSIE  IN 
RATS  WITH  AND  WITHOI  T  REOEN ERATI  NO  ADRENALS,  C N I  N EPII RECTOMIZED, 

AND  OlVEN  1%  SALINE  TO  DRINK 


( !r()ii|> 

Treat  inent 

Plasma 
(‘ort  t*ron(‘ 

.\drenal  eorticDsterniu’ 

/  (00  ml. 

MtS/gnL 

MK/rat 

Intai’t  Aitrpiials 

I’nstri’.ssed 

Stri’ssi’d 

.5.1 

4 1  .  a 

4.4 

42.2 

(1. 15 

1  . 45 

'1  ({cfTPiipratiiiK  Adrenal.'! 

I’nstn’ssed 

4.7 

2a.  It 

(i.tia 

St  re.'!.'<(‘d 

a:.  4 

48 .  ,5 

1  .2(1 

1  l(en<‘iu‘ratiiiK  Adrenal 

l'n,><tre.«s(‘d 

Stressed 

4.4 

22.11 

lilt) 

at).  11 

(i.a: 

(1 . 72 

rcspan.se  to  stre.ss  under  .salt  load  was  again  less  than  that  of  intact  adrenals 
as  reflected  by  the  lower  plasma  corticosterone  levels,  although  the  concen- 
(lation  of  corticosterone  in  the  regenerated  tis.sue  was  about  the  same  as  in 
the  first  experiment. 

The  data  in  Table  .‘1  shows  that  reduction  in  renal  mass  and  imposition 
of  a  salt  load  in  control  animals  with  intact  adrenals  failed  to  influence  the 
r(*sting  plasma  levels  of  corticosterone,  but  under  stress  the  plasma  and 
adrenal  content  of  corticosterone  was  le.ss  than  that  observed  in  preceding 
experiments.  The  levels  of  hormone  in  the  plasma  and  glandular  tissue  of 
'Me.s.sed  animals  bearing  two  regenerating  adrenals  shows  their  response 
vas  about  the  same  as  similar  animals  in  experiments  1  and  2  and  the 
control  rats  in  this  experiment.  However,  animals  bearing  one  regenerating 
a  Irenal  had  plasma  and  adrenal  corticosterone  levels  after  stress  which 

V  ere  about  00%  of  tlio.*<e  with  2  regenerating  glands.  It  is  again  note- 

V  orthy  that  while  plasma  corticosterone  levels  were  about  normal  under 
1  -sting  conditions,  the  regenerating  glandular  ti.ssue  concentration  and 
1  'tal  content  of  corticosterone  was  considerably  higher  than  in  control 
:  'limals. 
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Altliouf^h  many  of  invest i{;alors  (lo  17)  have  reported  Iheeorti- 

co.sterone  content  of  peripheral  plasma  in  the  rat  to  he  less  than  20  /ug  100 
ml.  under  resting  conditions,  only  Fortier  and  coworkers  (l(S-20)  and 
(luillemin  el  al.  (21)  found  corrected  values  from  d  to  S  and  from  4.5  to  ti.o 
jug  100  ml.  plasma,  respectively.  The  present  experiments  in  which  rigidly 
controlled  conditions  were  used  for  the  collection  of  plasma  in  the  “resting” 
state,  and  corticosterone  was  determined  hy  isotopic  dilution,  have  yielded 
values  ranging  from  2.7  to  (i.O  /ig  corticosterone  per  100  ml.  of  plasma.  We 
believe  that  these  values  truly  represent  the  level  of  corticosterone  in  the 
plasma  of  unstre.ssed  rats  and  that  finding  essentially  the  same  levels  in  all 
such  groups  supports  this  contention. 

Masson,  Koritz  and  Peron  (5)  showed  that  the  concentration  of  cortico¬ 
sterone  in  adrenal  vein  blood  of  uninephrectomized  animals  bearing  a 
regenerating  adrenal  was  about  one  third  that  of  controls  (ElO  )ug  100  ml. 
vs.  H70  juf?  100  ml.),  and  our  data  shows  that  the  concentration  of  corti¬ 
costerone  in  peripheral  plasma  of  .similar  rats  bearing  a  regenerating 
adrenal  and  stres.sed  (as  their  rats  must  have  been  by  the  operative 
procedure)  was  slightly  over  half  (22.9  mS  100  ml.)  that  of  control  animals 
(41.4  mK  100  ml.).  Both  observations  strongly  indicate  that  less  corticoster¬ 
one  is  being  secreted  under  stress  by  the  regenerating  gland  than  by  the 
normal  gland.  In  vitro  studies  with  regenerating  adrenals  by  Masson  el  ol. 
(4)  and  Macchi  and  Wyman  (22)  also  showed  that  glands  regenerating  foi' 
this  period  of  time  have  a  decreased  capacity  to  secrete  corticosterone  in 
response  to  AC'TH  stimulation.  The  lower  plasma  levels  of  corticosterone 
in  the  pre.sent  in  vivo  studies  could  be  explained  by  decreased  blood  How 
from  regenerating  tissue,  but  this  seems  unlikely,  as  Pellegrino  and  Brogi 
(o)  have  shown  that  there  is  only  a  lo  percent  reduction  in  blood  flow 
through  the  regenerating  gland  at  21  days.  In  all  experiments  the  total 
glandular  content  of  corticosterone  in  stressed  animals  bearing  regenerating 
glands  was  le.ss  than  in  both  adrenals  of  stressed  control  rats.  Thus,  de¬ 
creased  liberation  of  corticosterone  by  regenerating  adrenal  tissue,  a'^ 
reflected  by  adrenal  venous  and  systemic  plasma  levels,  may  be  related 
to  the  finding  that  such  glands  have  less  corticosterone  available  for 
secretion. 

Holzbauer  (1)  has  shown  an  almost  constant  one  to  one  relationshij! 
between  the  hormone  concentration  of  plasma  and  adrenal  glands  whei 
expressed  as  jug  100  ml.  of  plasma  and  jug  gm.  of  adrenal  tissue.  Thi 
relationship  was  found  to  be  e.ssentially  true  in  2  of  the  4  experiments  ii 
animals  with  intact  adrenals  in  the  present  study.  On  the  other  hand 
animals  bearing  regenerating  glands  did  not  show  this  relationship.  Unde 
resting  conditions  the  corticosterone  concentration  of  regenerating  gland 
was  considerably  more  than  in  normal  adrenals.  The  higher  values  report e< 
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)y  Holzhauer  (2'^)  for  unstressed  intact  adrenals,  28+2.7  mK/ sni-,  as 
onipared  to  onr  values,  from  8.2  to  5.7  mS  aiay  he  due  to  the  slight 
tress  incurred  hy  her  practice  of  killing  the  animals  in  the  same  room 
ather  than  in  an  isolated  area  as  we  have  done.  The  higher  values  for 
orticosterone  in  the  adrenals  of  stressed  rats  which  this  investigator  also 
('ported  (21)  may  he  accounted  for  either  hy  a  greater  degree  of  stress  or 
y  the  inclusion  of  more  polar  compounds  with  corticosterone  in  the 
etermination  of  this  steroid. 

The  present  data  substantiates  the  view  previou.sly  expressed  (7,  25) 
iiat  even  under  non-stressed  conditions  regenerating  adrenal  cortical 
Mssue  is  highly  active.  This  is  prohahly  a  response  of  the  morphologically 
:  ('generating  ti.ssue  to  the  elevated  endogenous  ACTH  .secretion  induced  l)y 
die  post-enucleation  period  of  adrenal  insufficiency  (7).  The  previously 
oliserved  (2(i)  decrease  in  cholesterol  and  ascorbic  acid  concentration  of 
regenerating  adrenal  tis.sue  inferred  such  a  functional  state,  since  a  decrea.se 
in  these  adrenal  components  has  long  been  used  as  an  index  of  increa.sed 
functional  activity  (27).  The  decreased  cholesterol  content  of  regenerating 
glands  may  well  result  from  increased  conversion  of  this  compound  into 
corticosterone  as  suggested  by  their  reciprocal  relationship  here  and  under 
conditions  of  acute  ACTH  .stimulation  in  normal  rats  (2S).  On  the  other 
hand,  the  lower  concentration  of  cholesterol  in  regenerating  adrenals  could 
serve  as  the  limiting  factor  in  corticosterone  synthesis  by  regenerating 
adrenals,  and  together  with  the  smaller  size  of  the  regenerated  adrenal  at 
21  days,  account  for  the  decreased  capacity  of  .such  glands  to  elevate 
systemic  plasma  corticosterone  to  the  same  extent  as  intact  adrenals  in 
response  to  stre.ss. 

Since  corticosterone  is  the  major  steroid  secreted  by  the  rat  adrenal,  it. 
was  reasonable  to  assume  that  the  hyperten.sive  syndrome  which  occurs 
during  adrenal  regeneration  might  be  related  to  the  secretion  of  cortico¬ 
sterone  by  the  regenerating  ti.ssue.  It  has  l)een  shown  that  administration  of 
large  (piantities  of  corticosterone  to  adrenalectomized,  uninephrectomized, 
'alt-treated  rats  can  produce  elevation  in  blood  pressure  and  morphological 
changes  which  are  similar  to  those  occurring  during  adrenal  regeneration  in 
the  salt-treated,  uninephrectomized  rat  (29).  The  present  experiments 
indicate  that  under  non-st re.ss  conditions,  peripheral  plasma  levels  of 
coiticosterone  in  control  animals  and  those  l)earing  21-day  regenerating 
mlrenals  are  the  same,  but  under  stress  the  levels  attained  in  rats  with 
•  “generated  adrenals  were  always  le.ss  than  in  rats  with  intact  glands.  This 
I  tiding  makes  it  difficult  to  ascribe  adrenal-regeneration  hypertension 
"inply  to  the  blood  levels  of  corticosterone.  In  view  of  the  high  cortico- 
' 'Clone  content  of  regenerating  adrenals  umler  non-st re.ssed  conditions,  it  is 
i  i).s.sible  that  this  steroid  is  tran.sformed  into  another  compound,  which 

as  not  measured  in  either  the  gland  or  the  plasma.  Such  a  postulated 
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compound  migiit  explain  the  role  of  the  reseneratiii}?  adrenal  in  the 
pathogenesis  of  this  form  of  experimental  hypertension,  hut  these  experi¬ 
ments  offer  no  evidence  for  or  against  this  hypothesis. 
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FURTHKR  STUDIES  ON  THE  SEX  DIFFERENC'E 
IN  3/?-HYDR()XYSTER()ID  DEHYDROGENASE 
A(TIYITY  OF  RAT  LIYERS^ 
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AHSTRAC’T 

{’oiiditions  liavc  Imhmi  (‘stal)li!slio(l  for  (luaiititativc  assay  of  rat  liver  '.iji-hy- 
(Iroxysteroid  dehydrogi'iiasc'  activity  in  order  to  investigate  further  the  diflfer- 
enee  previously  demonstrated  (1)  in  the  ratio  obtained  of  ei)iandrosterone 
androsterone,  d(‘i)endinff  on  the  sex  of  the  animal  from  which  the  liver  was 
taken.  Livers  of  male  rats  have  been  shown  to  (hunonstrate  more  activity  than 
liv(‘rs  of  f(>mal(*  rats,  whether  assays  wen*  made  vising;  crude  homoffenates, 
fractions  obtained  by  diffenmtial  (•(MitrifuKation,  or  aeetone-dric'd  ])rei)arations. 

Data  were  also  obtained  indicating  that  rat  liver  contains  sei)arable 
hydroxysteroid  dehydrof'cnase  activities  associated  with  ])artieulate  and  solu¬ 
ble  material,  and  the  sex  difference  lies  in  a  f^reater  activity  of  tin-  3|(j-hydroxy- 
steroid  dehydrosonase  associated  with  the  particulate  matter.  The  activity  of 
the  enzyme  as.soeiated  with  the  i)artieulate  matter  can  be  inereasc'd  in  livers  of 
female  rats  by  administration  of  testosterone  ])ropionate. 

IN  AN  earlier  paper  (1),  data  were  presented  demonst rating  a  .sex  dif¬ 
ference  in  the  reduction  of  tlie  3-keto  group  of  androstane-3,17-dione  by 
rat  liver  homogenates.  Homogenates  of  livers  from  male  and  female  rats 
yielded  the  same  products,  androsterone  (3a-hydroxyandrostan-17-one) 
and  epiandro.sterone  (3/3-hydroxyandrostan-17-one)  and  the  total  (pianti- 
ties  of  reduced  products  were  the  .same,  but  the  ratioof  HiS-toiia-hydroxyl- 
ated  products  depended  upon  the  sex  of  the  animal  from  which  the  liver 
was  obtained. 

This  phenomenon  has  been  investigated  further,  to  find  out  wherein  the 
^cx  difference  lies,  preliminary  to  elucidating  the  mechanism  by  which 
androgen  operates  to  create  the  difference.  Data  will  be  presented  in  this 
paper  showing  that;  (1)  the  higher  ratio  of  epiandro.sterone  androsterone 
obtained  with  crude  homogenates  of  livers  of  male  rats  reported  in  the  first 
Inference  (1)  was  a  reflection  of  a  greater  amount  of  3/3-hydroxy  steroid 
dehydrogenase  activity  in  livers  of  male  rats.  An  as.say  procedure  for 
•  f-hydroxysteroid  dehydrogenase  has  been  standardized,  based  on  the 
ite  of  production  of  epiandrosterone.  (2)  Using  this  a.s.say,  the  sex  differ- 
<  ice  could  be  demonstrated  in  cell  fractions  obtained  by  differential 
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centrifugation  of  sucros^e  homogenates  and  in  acetone-dried  preparations  of 
rat  livers  as  well  as  in  crude  homogenates.  Therefore,  such  preparation.^ 
were  suitable  for  further  studies  of  the  factors  involved  in  the  sex  differ¬ 
ence.  (3)  Studies  with  fractions  obtained  by  differential  centrifugation  of 
sucrose  homogenates,  and  even  more  strikingly,  studies  with  acetone-dried 
preparations,  gave  data  indicating  that  there  were  separate  3/3-hydrox- 
ysteroid  dehydrogenase  activities  a.s.sociated  with  soluble  and  particu¬ 
late  cell  fractions  and  the  sex  difference  manifests  itself  in  the  greater 
activity  of  the  particulate  enzyme  in  the  livers  of  male  rats.  The  activity  of 
particulate  enzyme  can  be  increased  in  female  rats  by  testosterone  propio¬ 
nate  administration.  (4)  I'^vidence  has  been  obtained  suggesting  that  thi.< 
greater  activity  may  reflect  the  presence  of  more  enzyme  or  an  effect  of 
testosterone  in  overcoming  an  iidiibition  of  the  particulate  enzyme. 

METHODS 

I'nlcss  otlH‘r\vis(‘  sp(‘cifi(‘(l,  iiicuhatioii  aiul  analytical  proccdun's  were  carried  out  a^ 
described  in  the  previous  j)ai)er  (1).  A  .50%  homof!;<>nat<'  is  prei)ared  by  hoinogenizinjt 
1  ffin.  of  liver  in  1  ml.  of  liver  hoinoKeniziiift  fluid,  yielding  1..5  ml.  of  homogenate. 

Losses  of  ejjiandro.sterone  <luring  extraction  and  the  analytical  i)ro<'edure  were  de- 
termini'fl  by  re«‘overv  experiments  with  (>aeh  tyjx'  of  enzyme  jereparation.  and  eorrc'ctions 
made*.  From  .i0%  homogenates,  recovery  after  e-xtraediem  anel  a  single  ehreunateegram 


TaKI.K  1.  IXKl.l  KXe  K  OK  .\.\I)HeiST.\\K-l{,17-l)IO\E  e-o\e’EXTKATIO\  o.\  .AMOI  NTS  OK 
.WOHOSTKROXE  .\XI>  EIM.A  X  DROSTEROX  K  KORMEI)  DCRIXe;  I  XcrB.ATIOX  WITH 
RAT  I.IVER  noMOOEXATES 
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VMS  7<>'  f .  Hrcdvt'i'v  from  Mfctonc  powder  siispeiisions  was  SO'’,' ,  and  I'roni  actdone  itowder 
\trafts  was  01 '7.  It  was  possil)l('  to  recover  0;t',’j,  of  epiaiidrosterone  adiled  to  20'/^ 
w  v)  sucrose  lioiiiofneiiates  ami  to  cell  fractions  ohtaiiieil  from  these.  I'.aeli  additional 
liromatonrani  resulted  in  the  loss  of  an  ad<litioual  15%  of  the  ei)iandrosterone. 

Acetone-dried  liver  preparations  were  i)repared  in  the  cold  (7°).  Livt'rs  wtue  ho- 
loncnized  with  10  volumes  of  cold  aeetone  in  a  W  aring  hhmdor  2  times,  for  30-00  see- 
nds  each  time.  .Acetone  was  removed  hy  filtration,  followcal  hy  drying  of  the  aeetone- 
iisoluhle  matcM'ial  at  room  temperature  for  1-2  hours,  and  evacuation  in  a  vacuum 
■esiccator  ov(‘r  PA >5  at  4°.  The  material  was  stored  at  —  15°.  Extracts  of  acetone-dried 
■reparations  wen'  made'  hy  susixmding  the  powder  in  10  volume's  of  0.05  A1  jihosphati' 
ufi’er,  i)H  7.4,  and  stirring  for  15  minutes  in  the  cold.  Centrifugation  was  done  at  —3°, 
a  a  Lourdes  c('ntrifuge,  at  aieproximately  13,000  g. 


Fui.  1.  Hates  of  production  of  epiandros- 
tcroiK'  from  androstane-3, 1 7-dione  hy 
.')()%  (w/v)  homogenates  of  livers  from 
male  (M)  rats  and  female  (E)  rats,  (('on- 
ditions  of  incuhation:  1.0  gm.  liver  in  1.5 
ml.  homoge'iiate  in  liver  homogi'iiizing 
Huid,  3  mg.  androstam'dioiu',-  3  mg. 
DPXlf,  0.00  ml.  propylene  glycol.  37°  C. 
air.) 


Cellular  fractions  were  prepared  from  a  20%  (w  v)  homogenate'  e)f  live'r  maeh'  in  a 
I’otte'r-l'dvehje'in  all-glass  heemeege'iiize'r,  in  a  me'elium  ceentaining  0.25  .M  sue-rexse',  0.001  .\1 
ef hyh'ne'diiimine'te'trae'e'tie'  ae-id  (l^D'I'.V)  anel  0.01  AI  XaHC().i,  pH  7.43.  The'ie'afte'r,  a 
moditie'atiem  e»f  the'  Se  hne'ieh'r  anel  He)ge'he)e»m  (2)  eliffe're'ntial  ea'iitrifugatieen  preee-e'dure' 
was  use'el.  Fe)ur  frae-tions,  thre-e'  se'elime'iits  and  a  supernatant  sedutieen  (1\')  we'ie  e»h- 
taine'el  hy  sue'e-e'ssive'  se'elime'ntatiem  at  (WO  g  fe)r  10  minute's  (I).  1 1,500  g  for  10  minute's 
II).  anel  105,000  g  feer  45  minute's  (111).  (Se'e'  Figure'  2.) 

Ce-ll  frae-tiems  and  the)se'  e)htaine'el  fre)m  ae'e'te)ne'-elrie'el  pre'paratie)ns  we'ie'  suspe'iieh'd 
or  assay  in  a  veilume'  eif  0.05  .M  pheisphate'  huffe'r  (jiH  7.4)  sue-h  that  the'  e'epiivah'iit  eif 
gm.  eif  fresh  live-r  was  cemtaine'il  in  1.5  ml.  eif  suspe'iisiem. 

In  all  e'xjie'rime'nts  e'xcejit  theise'  eh'serihe'd  in  Tahli'  I  anel  Figure'  I  substrate'  conce'ii- 
atiem  was  3  mg.  anelre)stane'-3, 1 7-die)ne'  pe-r  he'ake'r.  Cei-fae-teirs  were'  adeh'd  at  a  e-em- 
eiitration  eif  3  mg.  jie'r  he'aker.  Diiiheispheipyrieliiu'  nucle'eitieh'  (1)PX)  was  aehh'd  in  the' 
xpe'riments  re'peirte'd  in  Tahh'  1  anel  F'igure'  1.  Hi'ilue-e'e!  1)PX  (l)PXH)  was  usi'd  in  all 
the'r  e'xpe'rimi'iits. 
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EXPERIMENTAL 

KHtahlishnicnl  of  Standard  Anson  Procedure:  Under  the  conditions  of  incuba¬ 
tion,  tlu*  oxidation  of  epiandrosti'roiu*  to  androstaiu'dione  }?ave  amounts  ot 
product  too  small  to  lx*  m(*asured,  (*ven  at  pH  S.G-R.t)  and  therefore  tlx 
enzymatic  activity  had  to  be  m(*asur(‘d  by  the  reduction  of  androstanediom 
to  epiandrosterone.  In  all  the  preparations  assayed,  the  presence*  of  lla- 
hydroxysteroid  dehydrof>;(*nas(*  made*  it  ne*ce*ssary  to  ele*te*rmino  substrate 
cone*e*nt rations  for  maximum  rate*s  with  both  e*nzyme*s.  In  Table  1  are 
shown  elata  obtaine*el  from  e*xpe*rime*nts  in  which  homo{?e*nate*s  of  male*  anel 
fe*male*  rat  livers,  e*eiuivale*nt  to  1  tissue,  were  incubate*el  with 

amounts  of  substrate*  varying  from  oOO  xS  to  5  mg.  As  the  substrate  con- 
ce*ntration  incre*ase*el,  the*  amounts  of  epianelrosterone  anel  anelrosterone* 
obtaineel  from  incubations  with  homoge*nate*s  of  male  live*rs  both  incre*ase*el. 
With  homoge*nate*s  of  live*rs  of  female*  rats,  it  was  possible*  to  incivase 
slightly  the*  yielel  of  e*pianelroste*rone*,  but  neve*r  to  the*  le*ve*ls  obtaine*el  with 
homogenates  of  live*rs  from  male*  rats.  8tuelie?s  with  e*once*nt  rat  ions  of  .sub¬ 
strate*  up  to  5  mg.,  she)we*el  that  the*  .substrate  concentration  ne*ce*.s.sary  for 
maximum  rate*s  with  beith  e*nzyme*.s  was  about  mg.  1.5  ml.  It  was  also 
shown,  in  the*  e*xpe*rime*nt  with  se*ve*ral  concentrations  of  male*  rat  liver, 
that  the  higher  le*ve*ls  e>f  .substrate*  were*  not  inhibitory  at  lower  ti.ssue*  con¬ 
centrations. 

Cruele  homogenates  eif  livers  of  male  anel  female  rats  were  ine*ubateel 
with  optimal  cone*entration  of  .sub.strate  for  varying  time  intervals.  The 
results  of  typical  experiments,  shown  in  F'igure  1,  elemonstrateel  that  al¬ 
though  the  rate  began  to  eliminish  after  5  minutes,  approximate  linearity 
persisteel  for  20  minutes.  Since,  as  Table  1  sheiws,  there  was  no  significant 
elecrea.se  in  formation  of  proelucts  when  the  concentration  eif  substrate  was 
2  mg.  1.5  ml.  insteael  of  5  mg.  1.5  ml.,  elecrease  in  .substrate  e*oncentratioii 
eluring  incubation  eliel  not  seem  to  be  the  rate-limiting  factor.  .Addition  eif 
larger  amounts  of  DPN,  the  u.se  of  triphosphopyrieline  nucleotide  (TPXj 
insteael  of  I)PX,  homeigenizing  the  liver  with  heated  extract  maele  from 
another  homogenate  of  liver,  anel  carrying  out  the  incubation  with  X-.  as 
gas  pha.se  insteael  of  air  eliel  not  prolong  the  linear  peirtion  of  the  curve  and 
hael  no  effect  on  the  5/3-hyelroxysteroiel  elehyelrogenase  activitj'.  .A  2(' 
minute  incubation  in  air  was  aelopteel  for  the  pro  tempore  .stanelarel  assay 
proceelure.  This  time  permitteel  formation  of  sufficient  proeluct  for  accurate 
measurement.  Con.sielering  the  accuracy  of  the  mea.surement  of  the 
amounts  of  proeluct  proeluceel  at  5  minutes  anel  10  minutes,  the  eleparture 
from  linearity  at  20  minutes  was  not  of  .serious  magnitude.  .Assays  eil 
.sucrose  homogenates  and  of  elialyzeel  anel  undialyzeel  acetone-powelei 
preparations  also  elemon.strateel  rates  that  were  linear  over  20  minutes 
The  unit  of  enzyme  activity,  useel  hereafter,  is  therefore  the  amount  eit 
enzyme  necessary  to  catalyze  proeluction  of  1  ug  of  epianelrosterone  pei 
minute  eluring  a  20  minute  incubation. 
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NV.r  Diffcri  nn'  in  !/ilri>.viislrriii<l  l)i  lii/ilrn</<  nit.'<r  Arlirilii.s  of  ('riiilc 

Uinniiiiciiiiic.s:  Tin  Role  nf  Anilnuicii:  'Fix'  sox  (lirior<Mic(‘  was  rein  vest  iy:a((‘(l 
tsinff  the  (juantitativo  dotonninatioii  of  H/j-liydroxystoroid  doliydroKonaso 
ictivity  instead  of  ratio  of  epiandrosterone  androsterone.  The  activities  of 
•rude  ')0%  (w  v)  lK)niof5enates  in  liver  homogenizing  Huid  (1)  are  listed  in 
Table  2.  In  some  experiments,  ecpial  portions  of  livers  from  four  animals 
vere  pooled  to  minimize  individual  variation.  The  data  show  that  the  influ- 
noe  of  androgen  is  manifest  whether  units  are  related  to  weight  of  liver  or 
o  mg.  nitrogen  in  the  preparation.  The  activity  in  the  normal  male  was 
ipproximately  10  times  that  in  the  normal  female. 

Castration  of  mature  males  lowered  the  d|3-hydroxysteroid  dehydro- 


TaRLK  2.  IXKI.rKNCK  OK  ANDROC.KN  OX  H/i-II  Y  DROX  YS'l'KRC  )I  I)  DKII  YDROOKX  ASK  A<  rivniKS 
OK  .i()%  IIOMo(iKXATKS  OK  RAT  I.IA  KRS 
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No.  nits 
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r./mg.  N  1 

r./gm.  liver 
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Pool  of  4 
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0.12  1 
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Pool  of  4 
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Pool  of  4 

Normal  j 

1  .41 

ai  .0 
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Pool  of  4 

Castrate,  at)  days 

1.40  ■ 
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0.08 
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2 .  .'iO 
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Pool  of  4 

('astr:ite,  l.ti  niK.  TPX28- 
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2a.  0 
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Ovari.X,®  1.1  mg.  TPX14- 

0.21 

'  4.0 
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Ovari.X,  1..5  mg.  TPX28* 

!  0 . 7r> 

,  17. () 
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1 

OvariX,  1..")  mg.  TPX282 

0.87 

1  -20.0 

F 

Pool  of  4 

OvariX,  2  mg.  TPX28' 

1  . 20 

i  ai.o 

'  Tl*  =  testosterone  propionate,  snhentaneons  injeetion  onee  daily. 

-  .\ve.  daily  absorption  from  nijj.  ]>ellet,  im|)ianted  a.T  days  p  <-astration. 

’  ( tvari.X  =ovarieetonuzed,  d'.l*.  administration  started  day  after  ovariectomy. 


genase  activity  to  about  70%  of  normal  after  HO  days  and  to  altout  7%  of 
normal  after  120  days.  Activity  in  a  normal  male  was  doubled  by  the 
tidministration  of  2.')  mg.  testosterone  propionate  daily  for  2S  days. 

.\dmini.stration  to  ovariectomized  female  rats  of  .sufficient  (piantities  of 
testosterone  propionate,  over  a  long  enough  period  of  time,  elicited  levels  of 
Hd-hydroxy.steroid  dehydrogenase  activity  comparable  with  those  found  in 
the  livers  of  male  rats.  An  ovariectomized  female  not  treated  .sufficiently 
(first  in  series)  had  a  level  of  activity  of  the  .same  order  of  magnitude  as 
(hat  of  normal,  untreated  females. 

Evidence  for  Particulate  and  Soluble  30-H ydroxysteroid  Dehi/drogeuases  and 
v'j  Differences:  Assays  of  fractions  obtained  by  differential  centrifugation 
•f  sucro.se  homogenates  indicated  that  there  was  activity  in  both  .soluble 
nul  particulate  cell  fractions  and  that  the  .sex  difference  in  activity  was 
.emonstrable  only  in  the  enzyme  associated  witli  particulate  matter  (.see 
ig.  2).  Also,  androgen  influenced  the  distribution  of  the  total  activity 
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Fig.  2.  Iiifliunicc  of  an(lro>!;(‘n  on  ^/li-hydroxystcroid  dchydroKonasc  activities  of  cell 
fractions.  (Conditions  of  incubation:  cell  fractions  1,  2,  and  li  were  suspended  so  that 
eciuivah'iit  of  1  k'H-  of  liv(‘r  was  contaiiu'il  in  l.o  ml.  of  O.O.j  M  phosphate  buffer.  jiH  7.4. 
Supernatant  fraction  (4)  contained  etiuivah'iit  of  0.27  f^in.  livc'f  1 .5  ml.  in  0.25  M  sucrose. 
0.001  M  KHTA,  and  0.01  .M  XaHCOs,  pH  7.43.  3  mf>:-  androstanedione,  3  m^.  Dl’Xll. 
0.00  ml.  |)ropylene  kI.vcoI.  37°  (’,  air,  20  min.  incubation.)  (OvariX  =ovariectomizt>d, 
T.l*.  =2  mo;.  Testosterone  pro|)ionate  per  day.  injt'ctc'd  subcutaneously  in  oil.  for  44 
days.) 


l)et\veeo  soluble  and  particulate  fractions.  Although  in  all  experimental 
animals  the  nitrogen  content  of  the  particulate  matter  exceeded  that  of  the 
supernate  (52-72%  of  the  total),  the  percentages  of  total  d/3-hydroxy- 
steroid  dehydrogena.se  activities  as.sociated  with  the  particles  were;  male 
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Fig.  3.  Influence  of  androgen  on  Itli-hydroxysteroid  dehydroKenase  activites  of  ace 
tone-dried  ])reparations.  (('onditions  of  incubation:  all  fractions  contained  the  e((uiva 
hmt  of  1  K'H-  of  fresh  liver  in  1.5  ml.  0.05  M  phosphate  buffer.  pH  7.4.  3  inj;.  androstanc 
dione,  3  uik.  DFXH,  0.0(5  ml.  iirojnlene  nl.vcol,  37°  (',  air.  20  min.  incubation.)  (Cas 
trated  male  and  ovariectomizeil  females  1-2  mg.  testo.sterone  absorbed  per  day  from  ; 
75  mg.  pellet  of  testosterone  propionati*.  number  of  days  2S  or  5(5.  Normal  male  injecte; 
subcutaneously  with  2.5  mg.  testosterom*  propionate  per  day,  for  2S  days. 
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'ats,  o2-()4%;  female  rats  Ho-4<S%;  ovariectomized  female  rats  treated 
vitli  testosterone  proi)ionate,  castrate  male  rats,  4o-o0%. 

A  more  graded  fractionation  of  homogenates  provided  particles  sedi- 
nenting  between  7000  and  20,300  g  which  had  2  to  o  times  as  much  activity 
vhen  obtained  from  male  rats  or  from  female  rats  treated  with  testosterone 
IS  when  obtained  from  normal  female  rats. 

and  Insoluble  dd-H ndroxj/steroid  Debudroijenases  in  Aeelone-Dried 
’*re  pond  ions:  As  shown  in  Figure  3,  the  influence  of  androgen  was  demon- 
trable  in  acetone-dried  preparations  as  well  as  in  fresh  homogenates 
ilthough  the  magnitude  of  the  ditference  was  less.  Normal  males  and 
inimals  treated  with  testosterone  propionate  had  activities  of  the  order  of 


TaBI.K  a.  CoMl'AKIsnX  OK  a|i-ll  YI)H<  t\ YSTKKOI I)  DKII YDKOCKX  ASK  ACTIYITIKS  OK  KKKSH 
.a()%  IIOMOOKNATKS  OK  HAT  l.l\  KR  WITH  ACTIYITIKS  OK  ACKTON  K-I)RI  Kl)  1*0\VI»KRS 
KROM  SAMK  RAT  I.IVKRS 


S(‘\' 

x<>. 

assays 

Preparation 

Av({.  a 

1  ./iiiK.X  (raiiije) 

•tivitv 

c./i:ni.  liver  (ranne 

F 

2 

.y()%  lionio^;. 
.\cctonc  pow(l(‘r 

0. 14  (0. 12  ().  17) 

0. 12 (O.OS  0.17) 

a. a (2.8-a.S) 
2.0 (2.0  a. 1) 

.M 

1 

.■)0%  lioinoi'. 

powder 

1.41 

0 .  as 

ai  .0 

S.7 

ovari.X  -t-TI* 

a 

■)()%  hoiiioi;. 
.\e(“toiu‘  powder 

O.lMi  (().7.y  1.20) 

0.  l.Y  (0.  la  0.17) 

22.0  (17.0  ai .0) 

4. a  (  4  2-  4.4) 

,  noriiial  +'l'l’ 

1 

50%  lioinon. 
.VeefoiK'  powder 

2 . 7)0 
o.ao 

.■)4.() 

S..T 

'  ( )v:iriX  =ov:iricctonuz(Ml,  Tl’ =  trciitf(l  with  testosterone  propionate. 


2  to  3  times  those  of  female  rats  or  untreated  castrate  males,  rather  than  10 
times.  W  hen  the  activities  of  the  suspended  acetone-dried  powders  were 
compared  with  the  activities  of  fresh  ')()%  homogenates  from  the  same 
livers  (Table  3),  it  appeared  that  much  activity  was  lost  in  preparing 
powders  from  livers  of  male  rats  or  from  livers  of  rats  treated  with  testo- 
-terone  propionate,  but  not  from  livers  of  untreated  female  rats.  Activity 
was  not  restored  by  adding  the  acetone-soluble  material.  In  the  acetone- 
diied  powder  preparations  as  well  as  in  the  homogenates  made  in  sucrose 
olution,  a  greater  proportion  of  activity  was  as.sociated  with  the  insoluble 
^articulate  fraction  of  liver  from  male  rats  compared  to  liver  from  female 
ats,  although,  as  before,  there  was  no  .sex  difference  in  the  distribution  of 
titrogen  content  (21-2(S%  of  the  total  nitrogen  remaining  in  the  extracted 
'articulate  fraction),  .\fter  exhaustive  extraction  (4  times,  with  O.Oo  M 
'hosphate  buffer,  ])ll  7.4)  2.')-3r)%  of  the  activity  remained  with  the 
•articles  obtained  from  males  and  only  14-1()%  with  those  from  females. 
These  residual  activities  could  not  be  removed  by  further  extraction  with 
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'rAKl.K  4.  liKKECT  OK  KKACTION  ATIO.V  ON  Y  I)KOX  YSTEKOl  l>  DEH  YDKOCJE  N  A  SE  ACTIVITIES 

OK  KAT  I.IVERs;  ACTIVITIES  OK  20%  IIO.MOIiENATES  VERSCS  SI  M  OK  ACTIVITIES 
OK  CENTRIKCCAL  KRACTIONS 


S(‘.\ 

Xo.  of 
assays 

.Vetivities 

(c./gm.  liver) 

2(t%  homoK.  (range) 

Sum  of  fractions  (range) 

F 

1 1  .2  (  7.  l-lti.O) 

24.2 (10.0 -20. 1) 

.M 

a 

28.4  (lt).!»-:42.ti) 

:«.8  (22.S-40.0) 

F,  ovari.X  -1-'1'F‘ 

•J 

l!(..=)  (lit. 0  20.0) 

27.8  (2.5.4- :t0. 2) 

‘  OvariX +T1*  =  ovaricct()niizc<l  fcinah'  treated  with  testosterone  propionate. 


liutt’er.  Livers  of  ovariectomized  female  rats  treated  with  testosterone 
propionate  were  similar  in  behavior  to  those  of  male  rats. 

Evidence  for  Itihibilion  of  the  Porlieulote  Etizjjme:  As  shown  in  Table  4,  the 
sum  of  activities  of  fractions  obtained  by  centrifugation  of  a  20%  homog¬ 
enate  always  exceeded  the  activity  of  the  homogenate  per  se,  an  effect 
particularly  striking  if  normal  female  rats  were  used. 

A  similar  ob.servation  was  made  when  the  sum  of  activities  of  extracts  of 
acetone-dried  preparations  plus  the  activity  of  the  remaining  particles  was 
compared  with  activity  of  the  initial  suspension  (Table  o).  The  increment 
of  summed  activities  was  again  larger  in  female  rats.  It  is  also  seen  that  the 
summed  activity  in  the  female  rat  liver  acetone-dried  powder  was  higher 
than  that  of  50%  fresh  homogenates  of  the  same  livers,  and  the  summed 
activities  for  normal  male  rats  and  animals  treated  with  testosterone  were 
closer  to  tho.se  seen  in  50%  homogenates  (.see  Table  8)  than  the  correspond¬ 
ing  activities  of  whole  suspensions. 

Suspensions  of  acetone-dried  preparations  of  livers  of  both  male  and 
female  rats  were  assayed  at  various  concentrations,  and  both  showed 
increases  in  units  per  mg.  X  as  the  suspension  was  diluted.  For  the  female, 
a  suspension  containing  one-.seventh  as  much  X  was  12  times  as  active  per 
mg.  X  as  the  concentrated  .suspension.  F"or  the  male,  a  suspension  with 
one-eighth  as  much  X  was  5  times  as  active  per  mg.  X  as  the  concentrated 
suspension.  In  two  experiments,  insoluble  material  from  acetone-dried 


TaBI.E  a.  KkKECT  ok  extra.  TIO.N  ox  :4^-IIYDR0XYSTER0I1>  DEM YDROfiEXASE  AI'TIVITY  IX 
ACETOXE-DRIEI)  KREI’A RATIONS :  ACTIVITIES  OK  WHOLE  SCSI'ENSION  VERSCS 
srXI  OK  ACTIVITIES  OK  EXTRACT  AXI)  EXTRACTED  I’ARTICLES 


Xo.  of 
assays 

•Activity — 

|■./gm.  l.iver 

.Sex 

Whole  siisp.''  (range) 

'  Sum  of  ext  r.  -|-  Part 
i  (range) 

h’.  normal 

1 

2.0 

10. 

-M,  normal 

1 

8.7 

17.0 

F,  ovari.X  -|-T1’‘ 

(4  weeks)  2 

4  .:i  (4.2-4  4) 

7.8 (5.0-10.0) 

F',  ovari.X  -|-T1* 

(8  weeks)  1 

8. a 

1  2:t.() 

.\l,  normal 

1 

1 

1 

'  ( )\  .Tri.K  =ov;(ri(“cton’.izc(l, -t-TP  =  irciui'd  with  tcstostcroiu-  propionatiL 
®  1  nin.  i>ow(l<T  to  It)  ml.  in  .D.t.M  phosphate  huffer,  pit  7.4. 

’  Sum  of  activities  of  4-.'i  extracts  plus  activity  of  extracted  particles. 
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preparations  from  livers  of  male  rats,  which  had  been  extracted  4  times, 
with  buffer,  still  showed  very  striking  increases  in  activity  on  dilution. 

These  effects  could  be  due  to  the  presence  of  some  endogenous  inhil)itor, 
or  to  partial  unavailability  of  the  enzyme  in  more  concentrated  suspen¬ 
sions.  An  inhibitor  was  sought  in  homogenates  of  liver  from  a  female  rat  by 
incubating  a  mixture  of  ecpial  ali(juots  of  50%  homogenates  of  livers  of 
female  and  male  rats.  The  homogenate  obtained  from  the  liver  of  the 
female  rat  did  not  inhibit  the  activity  of  that  from  the  male  rat,  and  actu¬ 
ally  134%  of  the  expected  amount  of  epiandrosterone  was  obtained.  Assays 
of  dialyzed  acetone-powder  extracts,  of  diluted  soluble  preparations  from 
acetone-powders,  and  assays  made  with  the  addition  of  heated  extract  from 
liver  did  not  suggest  the  presence  of  any  soluble  inhibitor. 

DISCUSSION' 

In  the  last  few  years  several  papers  have  appeared  describing  both 
(piantitative  and  (pialitative  differences  due  to  sex  in  liver  metabolism  of 
steroid  hormones  or  their  metabolites.  Ilubener  et  <il.  (3)  reported  that 
reduction  of  the  11-keto  group  of  cortisone  was  greater  with  homogenates 
of  liver  from  male  rats  than  from  females.  This  was  followed  by  the  demon¬ 
stration  of  the  sex  difference  in  the  orientation  of  the  reduction  products  of 
androstane-3,17-dione  (l)..Forchielli,  Hrown-(Jrant  and  Dorfman  (4)  and 
Yates  et  al.  (5),  presented  data  showing  that  the  rate  of  reduction  of  the 
A'-:i-ketone  structure  of  many  steroid  hormones  was  faster  in  homogenates 
from  livers  of  female  rats  than  from  male  rats.  Both  groups  of  workers 
demonstrated  that  the  increase  in  rate  was  due  to  greater  concentration  of 
microsomal  A^-5a-hydrogenase  activity  in  livers  of  female  rats.  Yates  et  al. 
(5)  showed  further  that  the  sex  difference  did  not  involve  either  the  avail¬ 
ability  of  reduced  pyridine  nucleotides,  or  the  presence  of  activators  in  the 
females  or  inhibitors  in  the  males.  Both  groups  of  investigators  also  showed 
that  testosterone  was  the  controlling  gonadal  hormonal  factor;  however, 
extra-gonadal  factors,  e.g.,  adrenal  and  pituitary,  also  were  implicated, 
beybold  and  Staudinger  ((>)  also  observed  a  quantitative  difference,  due  to 
sex,  in  rates  of  reduction  of  the  A^-3-ketone,  and  presented  evidence  of 
differences  in  nature  of  end-products  as  well.  Incubation  of  testosterone 
and  androstane-3a,17/3-diol  with  liver  microsomes  from  males  gave  rise  to 
more  polar  steroids,  possibly  Gi3-hydroxylated  compounds.  These  products 
were  not  obtained  with  microsomes  from  livers  of  female  rats. 

From  the  data  presented  in  Figure  1,  it  can  be  concluded  that  the  ratio 
of  epiandrosterone  androsterone  formed,  the  index  used  in  the  first  paper 
(1),  is  an  index  whose  value  will  vary  with  the  substrate  concentration, 
when  substrate  concentration  is  less  than  optimal.  However,  at  levels  of 
substrate  sufficient  to  saturate  both  3a-hydroxysteroid  dehydrogenase  and 
3/3-hydroxysteroid  dehydrogenase,  there  is  still  a  difference  between  male 
and  female  rat  livers.  There  is  more  3/3-hydroxysteroid  dehydrogenase 
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activity  in  livers  of  male  rats  tlian  in  livers  of  female  rats,  as  measured  by 
an  assay  procedure  hasetl  on  the  rate  of  production  of  epiandrosterone  from 
androstanedione. 

F'urthermore,  data  presented  indicate  that  the  increased  activity  is  found 
in  tightly-bound  particulate  ;i/3-hydroxysteroid  dehydrogenase  activity. 
Livers  of  both  sexes  demonstrate  approximately  ecpial  activities  of 
corresponding  soluble  enzymes.  The  greater  particulate  activity  was  shown 
to  depend  on  presence  of  testosterone. 

There  are  at  least  six  ways  in  which  testosterone  may  influence  R/i-hy- 
droxysteroid  dehydrogenase  activity: 

1.  Testosterone  may  stimulate  apoenzyme  synthesis  as  part  of  a  gener¬ 
alized  anabolic  effect. 

2.  Since  androstanedione  arises  from  testosterone,  enzyme  synthesis 
may  be  stimulated  as  an  adaptive  enzyme  phenomenon,  although  it  re- 
(juires  a  longer  period  of  administration  of  “inducer”  than  the  other 
reported  instances  of  adaptation  (7,  8). 

3.  If  one  a.ssumes  that  the  particulate  enzyme  and  the  soluble  enzyme 
are  the  same,  testosterone  may  act  to  control  the  rate  of  transfer  of  the 
enzyme  in  and  out  of  the  particle.  Adams  (9)  suggests  that  androgen  influ¬ 
ences  the  distribution  of  mouse  liver  catalase  between  particulate  and 
extra-particulate  fractions  by  governing  the  “permeability”  of  the  granule 
membrane.  He  ob.served  this  effect  after  a  single  administration  of  testo¬ 
sterone  or  methyltestosterone. 

4.  Rather  than  influencing  the  protein  portion  of  the  eiizyme,  testo¬ 
sterone  may  control  the  availability  of  a  co-factor  cr  affect  a  more  remote 
step  of  enzymatic  control.  There  is  no  evidence  yet  that  testosterone  acts 
directly:  the  effect  may  be  mediated  through  .some  other  gland,  such  as  the 
adrenal  or  the  pituitary. 

o.  The  data  indicate  that  a  po.ssible  mechanism  by  which  testosterone 
acts  is  by  promoting  removal  of  a  factor  inhibiting  the  particulate  enzyme. 
The  increased  activity  following  extraction  or  dilution  of  homogenates  of 
livers  from  female  rats  or  of  acetone-dried  powder  suspensions  was  of  much 
greater  magnitude  than  that  observed  when  liver  preparations  from  males 
were  treated  in  the  .same  manner.  The  apparent  lo.ss  of  activity  when 
acetone-dried  powders  were  made  of  liver  of  male  rats  might  be  due  to 
concentration  of  an  inhibitor. 

().  Still  another  possible  role  for  testosterone  is  to  alter  the  availability  of 
active  .sites  on  the  protein  molecule,  perhaps  by  changes  in  the  molecular 
configuration  of  the  enzyme  or  by  changes  in  the  degree  of  aggregation  of 
protein  molecules. 

Obviously,  before  testing  the  first  three  hypothe.ses,  one  must  purify  the 
.soluble  and  particulate  enzymes,  and  determine  whether  they  are  the  .same 
enzyme  in  different  compartments  or  actually  different  enzymes.  Tompkins 
(10)  has  purified  ifa-hydroxysteroid  dehydrogenase  from  rat  liver  and 
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studied  its  properties.  Hurloek  and  Talalay  (11)  purified  Ra-liydroxysteroid 
dehydrogenase  from  105,000  g  supernate  of  a  0.25  M  sucrose  liomogenate  of 
rat  liver  and  reported  that  tlie  preparation  contained  some  5)3-liydroxy- 
steroid  dehydrogenase  activity.  Purification  of  a  particulate  5/i-hydroxy- 
steroid  dehydrogenase  has  not  been  reported.  Hamm,  Kochakian,  and 
Carroll  (12)  showed  RjS-hydroxysteroid  dehydrogenase  activities  in  both 
supernatant  and  particulate  fractions  from  the  livers  of  male  guinea  pigs. 
I’indahl,  Kochakian,  and  Hamm  (15)  have  since  then  shown  that  the  par¬ 
ticulate  enzyme  is  DPN-specific  and  the  .soluble  enzyme  is  TPX-specific. 

Hypothe.sps  1,  5,  and  0  are  al.so  under  investigation. 

A  (idcndum 

Sinc(*  this  papc'r  was  submitt(‘d  to  press.  Dr.  hasler  has  advis(‘d  us  that 
the  pc'llets  u.s(>d  wc'rc*  of  t('stost(‘rone,  not  of  t(*stosteron(*  propionate.  Then'- 
for('  in  Figure  5  and  Tabl(*s  2,  5,  4,  and  5,  all  animals  tn'ated  with  pelh'ts 
wen*  treat('d  with  testosterone.  Tho.s(‘  treatcnl  by  injection  received  te.s- 
tost(‘rone  propionat<‘,  as  indicat('d  in  tlu*  text. 
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AHSTHA(  T 

Sensitization  to  paratliyroitl  hormone  l)y  tin*  oral  administration  of  ealeium 
acetate,  sodium  phosphate,  anil  corn  oil  was  studied  comparatively  in  the  rat. 

Calcium  acetate  greatly  faeiliates  the  induction  hy  parathyroid  extract  of 
calcification  in  the  cardiovascular  system,  skeletal  musculature,  and  renal 
cortex,  as  well  as  the  i)roduction  of  osteitis  fibrosa,  particularly  if.  at  the  same 
time,  till'  intake  of  fat  is  auf!;mented.  Sodium  phosphate  likewise  increasi's  thi' 
activity  of  parathyroid  hormone,  thouffh  in  enuimolecular  amounts  this  salt  is 
less  effective  than  calcium  acetate;  moreover,  sodium  phosirhate — unlike 
calcium  acetate — chaiiffcs  the  (piality  of  the  resulting  morbid  lesions  in  that 
the  cardiac  calcification  is  accomi)anied  by  sup])uration,  and  the  nephrocalci- 
nosis  shifts  to  the  corticomedullary  junction.  The  effects  of  combined  treatment 
with  parathyroid  hormoni'  and  sodium  jihosphate  are  likewise  aggravated  by 
orally  administeri'd  fat-supplemeuts. 

.Attention  is  called  to  the  fact  that  thi'  same  sensitizing  agents  (calcium 
acetate,  sodium  jrhosphate,  dietary  fat-supi)lements)  that  are  effi'ctive  in  in¬ 
creasing  the  actions  of  ])arathyroid  hormone  also  ])roved  to  be  potent  sensitizers 
for  the  induction  of  cardiovascular  lesions  by  certain  vitamin-])  derivatives  and 
corticoids. 

The  oral  administration  of  sodium  pliospliate  not  only  increa.ses  the 
actions  of  parathyroid  hormone,  hut  qualitatively  changes  them. 
Normally,  excessive  amounts  of  this  hormone  produce  cortical  nephro- 
calinosis  and  ectopic  calcium  deposition  in  the  cardiova.scular  .system  of 
the  rat.  These  changes  are  not  merely  aggravated  by  concurrent  sodium 
phosphate  treatment,  but  are  .so  altered  that  calcium  depo.sition  in  the 
kidney  tends  to  predominate  at  the  corticomedullary  junction,  while  the 
cardiac  lesions  a.ssume  a  definitely  .suppurating  character  (1).  In  all  these 
respects,  .sodium  phosphate  modifies  the  effects  of  dihydrotachysterol 
intoxication  in  the  .same  manner  (2,  3).  Oral  admini.stration  of  corn  oil 

Itccoivi'd  Xoviunbi'r  10,  1900. 

'  This  work  was  made  possible  by  (Iraiits  Xos.  A-1041(C'2)  and  H-308S(C3)  from  the 
Xatioiial  Institutes  of  Health.  r.S.IMI.,  and  by  a  grant  from  The  Dept.  Health  and 
W  elfare,  (Quebec.  Canada.  I'lie  authors  are  partieularlv  grati'ful  to  Dr.  W’.  M.  Mikula- 
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'I'abi.k  1.  Dietary  sexsitizatiox  for  i’arathyroii)  mor.moxe 
(First  (‘xpcriinont ) 
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*  III  addition  to  the  trcatnu'iits  listed  in  this  eoliiinn,  the  rats  of  all  groups  r(‘eeived  50 
r.S.F.  units  of  parathiifoid  horomoiie  twice  daily,  as  indicated  in  the  text. 


j^reatly  augments  the  toxic  action.s  of  diliydrotacliysterol  ovenlosase,  but 
does  not  change  their  character  (4). 

In  this  communication,  5ve  wisli  to  report  upon  experiments  sliowing 
tliat  orally  administered  calcium  acetate,  unlike  sodium  phosphate,  in¬ 
creases  the  effectiveness  of  parathyroid  hormone  without  changing  the 
(piality  of  the  response  and  that  corn-oil  supplements  further  augment 
this  increase. 


M.VrEHIALS 

laglity  female  Holtzman  rats,  witli  a  nu'aii  initial  body  weight  of  100  gni.  (raiigi'; 
05-10()  gm.),  were  subdivided  into  eight  ecpial  groups  and  treated  as  indicated  in  Tabh's 
I  and  2.  In  tlu'  first  experiment  (Table  1),  parathyroid  extract  (billy)  was  injeeteil 
subcutaneously  at  the  dose  of  .50  I’.S.P.  units  in  0.5  ml.  of  water,  twice  daily;  Xa2HP{)4 
and  calcium  aeetati'  were  given  in  the  amount  of  1  m.M  in  2  ml.  of  water  by  stomach 
tube,  twice  daily,  while  corn  oil  was  administered  by  tin*  same  route  at  the  dose  of  1  ml., 
likewise  twice  daily.  Thi'  experiment  was  terminated  after  three  days. 

In  the  second  exiieriimmt  (Table  2),  triaitnuMit  with  acetate  and  corn  oil  was  the 
same,  but  in  order  to  permit  more  iirolonged  survival  the  individual  dose  of  jiara- 
thyroid  extract  was  reduci'd  to  40  I'.S.P.  units  in  0.3  ml.  of  water.  Tin*  experiment  was 
terminated  on  the  eighth  day. 

In  both  (‘xix'riments,  tlu'  rats  were  maintained  exclusively  on  Purina  fox  (how 
(Purina  Co.  of  Canada)  and  taj)  water.  .Ml  survivors  were  killed  with  chloroform  at  the 
end  of  the  ob.servation  period  and  the  hearts,  (piadrica'ps  bunoris  muscles,  and  kidneys 

Tabi.e  2.  Dietary  sexsitizatiox  for  i’arathyroid  iiormoxe 
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wfi'c  fixed  ill  :il<‘(ilii)l-t'<iriii<il  for  (lie  siilisr<|iii'iit  liisloi'liriiii<-:d  di'iiioiisl  r.-ilioii  of  (•:il('iiiiii 
with  the  voii  Kossii  inetliod.  In  addition,  one  feimir  was  (ixed  and  decalcified,  in  Susa 
solution  saturated  witli  iiierie  aidd,  and  sul)se(|uently  stained  with  the  I’AS  procedure 
and  heinatoxylin-phloxine,  'I'he  ornan  lesions  were  ffiaded  in  terms  of  an  arbitrary  seali' 
in  which  1  (h'sif'iiates  fiarely  deteetatile,  2  marked,  and  3  most  si'vere,  lesions,  'I'lie 
means  of  these  readiiifts  (with  stamlard  errors)  and  the  pereentual  mortality  rate's  are 
listed  in  tin*  talih's. 


UESULTS 

First  (‘xprrimcnt  {Table  /).  -  Tlie  first  experiineiital  series  showed  tliat, 
wlieii  given  in  etiuimoleeular  amounts,  calcium  acetate  is  much  more 
eftective  than  Xa2lIP()4  in  aggravating  the  syndrome  of  paratliyroid- 
hormone  intoxication.  Indeed,  in  this  short-term  experiment,  paratliyroid 
extract  produced  marked  cardiac  lesions,  only  when  given  in  combination 
with  calcium  acetate.  The  etfect  of  this  combined  treatment  (CJroup  R)  was 
slightly,  but  .significantly  (P<0.0r)),  aggravated  by  corn  oil  ((Iroup  (i). 
Whether  or  not  oil-supplements  were  given,  the  le.sions  consisted  of  vir¬ 
tually  pure  calcification,  sometimes  accompanied  by  the  subintimal  dep¬ 
osition  of  fibrinoid  material  but  never  by  suppuration  (Fig.  lA,  B,  C,  ami 
D).  Conversely,  the  lesions  induced  by  parathyroid  extract  in  combination 
with  Xa2]IP()4-l-corn  oil  (Croup  5),  though  very  mild,  were  associated 
with  suppuration. 

The  ncphrucalcinosis  produced  by  parathyroid  hormone  was  augmented 
both  by  Xa2HP()4  and  by  calcium  acetate;  but  while  the  former  salt 
inducetl  calcium  deposition  almost  exclusively  at  the  corticomedullary 
junction,  parathyroid  hormone  alone  or  in  combination  with  calcium 
acetate  produced  a  predominantly  cortical  nephrocalcinosis.  The  apparent 
aggravation  of  the  nephrocalcinosis  by  corn  oil  was  statistically  significant 
oidy  in  the  rats  receiving  parathyroid  hormone d-Xa  .11  POi  (Croup  2 
compared  with  Croup  5,  P  <0.01),  although  the  mean  values  were  slightly 
liigher  in  all  the  fat-treated  groups  than  in  the  corresponding  controls. 
Since  almost  all  the  rats  treated  with  parathyroid  hormone  in  combination 
with  corn  oil -{-calcium  acetate  died  during  the  first  two  days  of  the  experi- 


Fig.  1.  .1. — Kssi'iitially  normal  heart  of  rat  (second  exjM'riinent.  (Ironp  1)  tri'ated 
with  jiaraffin  oil  +  ealcium  acetate -ffKirathyroid  hormone  (von  Kd.ssa  XH).  li. — Xn- 
inerous  foci  of  calcification  throuffhout  the  myocardium  and  its  vessels  in  a  rat  (second 
experiment,  (Ironp  2)  treated  with  corn  oil+calcinm  ac(‘tate-|- parathyroid  hormon<‘ 
(von  Kds.sa  XX).  C.  and  D. — Higher  magnification  of  cross  sections  through  two  small 
arteries  of  the  hi'art  shown  in  Fi^.  11.  There  are  calcium  dejiosits  (filack)  in  tlie  artt'iial 
wall  and  suliintimal  accumulations  of  filirinoid  material  (^ray)  in  the  form  of  crescents 
or  cushions  (von  Kdssa  X590).  H. — Typical  skeletal  lesion  in  tlie  (piadriceps  of  a  rat 
from  (Iroup  2  of  the  second  experinn'iit.  Swc'llinn,  homogenization,  and  calcification  of 
c('rtain  muscle  fillers,  with  inflammation  in  tlie  snrroundinf!;  ari'a  (von  Kdssa  XISO), 
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incut,  llie  survival  pciiod  mi^slil  not  have  hecn  suflicicntly  lonfi;  to  permit 
more  intense  calcium  deposition  (Fig.  2A  and  B). 

O.slcilis  Jihrofid  was  more  pronounced  in  all  t^roups  treated  with  corn  oil 
than  in  the  corresponding;  controls,  hut  the  lesions  were  not  sufficiently 
pronounced  to  permit  clear-cut  (piantitative  evaluation. 

Pronounced  calcijication,  necrosis,  and  injlammation  in  the  skeletal  museu- 
lature  (Fig.  1  K)  was  evident  only  in  the  rats  treated  with  parathyroid 
extract  -t-caleium  aeetate-l-corn  oil  (CJroup  (i). 

Interestingly,  in  many  animals  receiving  Xa-HPOj  or  calcium  acetate, 
in  addition  to  corn  oil -I- para  thyroid  hormone,  a  pronounced  lipemia 
developed,  which  imparted  a  milky  appearance  to  the  blood. 

Second  experiment  {Table  2).  In  order  to  obtain  more  definite  proof  of 
the  .sen.sitizing  effect  of  corn  oil  a  .second  experiment  was  performed,  in 
which  the  control  rats  were  given  paraffin  oil,  and  the  experimental  animals 
received  corn  oil,  in  addition  to  calcium  acetate-hparathyroid  hormone. 
Otherwi.se,  the  conditions  of  experimentation  were  the  same  as  in  the  first 
experiment,  except  that— as  explained  in  the  Materials  section  the  indi¬ 
vidual  dose  of  parathyroid  hormone  was  decreased  from  oO  to  RO  U.S.P. 
units  to  permit  longer  survival. 

Here,  corn  oil  significantly  aggravated  the  cardiac,  muscular,  renal,  and 
skeletal  lesions,  as  well  as- the  mortality,  produced  by  parathyroid  hor¬ 
mone-1- calcium  acetate.  In  both  groups,  the  cardiovascular  lesions  consisted 
of  pure  calcium  depo.sition  without  .suppuration,  and  the  nephroealeinosis 
was  limited  to  the  cortex.  In  this  more  chronic  experiment,  the  muscular 
lesions  were  particularly  severe  and  it  became  obvious  that  these  as  well  as 
the  osteitis  jibrosu  induced  by  parathyroid  hormone  are  likewise  greatly 
intensified  by  the  fat-supplements  (Fig.  2  C  and  D).  A  striking  degree  of 
lipemia  was  evident  in  virtually  all  the  animals  treated  with  corn  oil 
+  parathyroid  extract.  This  unexpected  effect  of  the  hormone  upon  lipemia 
will  be  the  subject  of  a  more  detailed  chemical  study;  let  us  point  out  here, 
however,  that  in  numerous  experiments — performed  for  different  purposes 
but  under  similar  conditions — corn  oil  did  not  produce  any  comparable 
degree  of  lipemia  in  otherwi.se  untreated  control  rats. 


Fig.  2.  .1. — Mild  cortical  lu'phrocalcinosis  in  a  rat  ((iroup  1  of  sia-ond  ('xiicriniont) 
treated  with  paraffin  oil-f-calciuin  acetati'  +  parathyroid  hormone  (von  Kds.sa  X12()). 
B. — Intense  cortical  neidirocalcinosis  in  a  rat  ((Jroui)  2  of  secoi.d  exiieriinent),  following 
treatment  with  corn  oil-f-calcium  acetate -|-])arathyroid  hormone  (von  Kdssa  X12()). 
(\ — .Mild  osteitis  fibrosa  in  the  subepiphyseal  layer  of  the  femur  of  the  rat  whose*  kidney 
is  shown  in  .1  (P.\SXH5).  D. —  Partieularly  pronounced  osteitis  fibrosa  in  the  corn'sjiond- 
ing  region  of  the  femur  of  the  rat  whose  kidney  is  shown  in  B  (P.VSXSo). 
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From  the.se  oh.servations,  it  appears  that  tlie  effect  of  paratliyroid  lior- 
mone  can  he  .significantly  increased,  not  only  hy  the  oral  administration  of 
calcium  .salts  or  of  phosphates,  hut  also  hy  lipid-supplements.  It  is  note¬ 
worthy  that  the  .same  food  constituents  that  proved  to  he  effective  in  sensi¬ 
tizing  for  the  actions  of  parathyroid  hormone  were  previously  fouml  to  he 
particularly  potent  .sensitizing  agents  for  the  production  of  cardiovascular 
le.sions  hy  vitamin-1)  derivatives  (e.g.,  dihydrotachysterol)  and  hy  corti- 
coids  (2,  3). 

It  would  he  premature  to  speculate  upon  the  mechanism  through  which 
these  electrolytes  and  lipid-supplements  exert  their  sen.sitizing  action.  In 
e.ssence,  the  pre.sent  experiments  merely  confirm  that  the  observations 
made  previously  regarding  dietary  sensitization  for  dihydrotachysterol  also 
apply  to  parathyroid  hormone.  It  is  of  interest,  however,  that  not  only  the 
inten.sity  hut  even  the  quality  of  the  respon.se  to  this  hormone  can  he 
altered  hy  natural  food  con.stituents.  Very  little  is  known  about  the  par¬ 
ticipation  of  the  parathyroids  in  the  pathogenesis  of  disea.ses  other  than 
.simple  primary  hyperparathyroidism  with  osteitis  fibrosa  and  ectopic 
calcification.  Yet,  it  is  possible  to  produce  .selective  cutaneous  calcinosis 
and  .scleroderma-like  connective  tissue  proliferation  in  a  predetermined 
skin  region  of  parathyroid-hormone  treated  animals,  merely  hy  exposing  it 
to  mechanical  or  chemical  trauma  (5).  In  this  respect,  the  actions  of  the 
hormone  can  also  he  duplicated  by  dihydrotachysterol  ((i). 

All  these  oh.servations  .suggest  the  pos.sihility  that  parathyroid  hormone 
and  vitamin-I)  derivatives  may  participate  in  the  pathogene.sis  of  diver.se, 
seemingly  unrelated,  morbid  lesions  in  various  organ  systems  (e.g.,  the 
heart,  ves.sels,  skeletal  mu.scles,  kidney,  hone,  skin),  who.se  selective  sensi¬ 
tivity  to  the  potential  pathogenic  actions  of  these  agents  is  largely  depend¬ 
ent  upon  topical  and  .systemic  conditioning  factors. 
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.MiSTRA('T 

KstroK«‘ii  adininistratioM  to  tlie  immature  fowl,  to  tjive  oviduet  jjrowth  nates 
eomi)aral)le  to  tliose  found  iu  the  i)ullet  prior  to  tlie  onset  of  ef^tc-layiiiK  was 
studied.  In  a  jjrelimiuary  ex|)erimeut  the  level  of  estradiol  recpiired  to  iudma- 
such  a  growth  res|)onse  in  six-week-old  ehieks  was  found  to  he  more  than  2  m>>:. 
administered  over  a  10-day  period.  .Maximal  Kr<>"th  response  was  i)rodueed 
hy  10  infj;.  estradiol.  'Pwo  exi)eriments  are  described  in  which  two  levels  (»f 
estradiol  nivinfi;  growth  resixni.ses  dependent  on  dose  level,  i.e.  0.7.5  mn- 
1..5  niK*.  are  compared  with  a  level  of  10  nif?.  K>vinK  maximal  response.  Oviduct 
tissue's  from  these  experinn'iits  were*  examined  for  their  resi)iration  rate,  mois¬ 
ture,  protein,  fat.  i)entosenueleie  acid  and  deoxypentosenueleie  acid  contents, 
and  alkaline  phosjehatase  activity.  Moisture  content  of  the  tissue  decreased 
with  increasing  hormone  tn'atment.  Fat  content  increased  and  on  a  fresh  tissue 
basis  .so  did  protein  content.  Hypertrophy  resulting  from  10  mu.  estradiol 
increased  the  ratio  of  ])entosenucleic  acid  to  d('oxy))entosenucleic  acid,  but  de¬ 
creased  the  respiration  rate  and  alkaline  phos])hatase  activity  which  were 
stimulated  by  1..5  inf!;,  estradiol. 

Till*]  very  large  increase  in  the  oviduct  weight  of  the  immature  chick 
caused  hy  administration  of  estrogen  is  well  known  (1).  The  levels  of 
estrogen  necessary  to  produce  oviduct  responses  dependent  on  dose  level 
have  been  established  by  .several  workers  (2,  A),  who  have  u.sed  oviduct 
weight  as  a  mea.siire  of  the  potency  of  estrogens  or  their  antagonists.  Little 
work  has  been  published  on  the  gross  composition  of  the  oviduct  in  relation 
to  its  .size  or  to  the  level  of  hormone  administration.  Brown  and  Jackson  (4) 
liave  examined  the  composition  of  oviducts  from  normal  and  folic  acid 
deficient  chicks  treated  with  estrogens  and  found  differences  in  the  moisture 
content  and  alkaline  phosphatase  content  of  the  tissues.  In  the  rat,  e.strogen 
ulminist ration  has  been  shown  to  increa.se  the  formation  of  nucleic  acids  in 
iterine  tissues  (o,  (5).  The  as.sociation  of  increased  alkaline  phosphatase 
ictivity  in  the  rat  uterus  with  estrogen  administration  has  also  been  de- 
'Cribed  (7,  S).  The  respiration  rate  of  uterine  ti.ssues  from  the  castrated  rat 
has  been  shown  to  be  increa.sed  by  estrogen  treatment  (9,  10),  and  this 
‘fleet  is  maximal  some  1(5  to  24  hours  after  estrogen  administratioji.  The 
iuthors  were  unable  to  find  reference  in  the  literature  to  the  oxygen  con- 
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sumption  of  the  conespoiuling  avian  organ,  tlie  oviduct,  where  a  very 
different  function  is  performed  in  relation  to  tlie  reproductive  process,  so 
that  observations  on  oxygen  consumption  of  this  tissue  have  been  made  in 
the  present  work.  (Muinges  in  respiration  rate  witli  time  following  estrogen 
treatment  are  also  examined.  The  levels  of  the  steroid  hormone,  e.stradiol 
17/i,  which  we  have  employed  are  such  as  will  induce  rates  of  oviduct 
growth  approximating  to  tho.se  which  occur  in  the  female  chicken  prior  to 
the  on.set  of  egg-laying.  Changes  in  the  composition  of  the  oviduct  associ¬ 
ated  with  these  rates  of  growth  are  reported. 

MATERI.\LS  AM)  METHODS 

III  all  tlie  cxiMTinu'iit.x  dcscrilM'il  hcUiw.  Lislit  Sussex X Brow ii  Lenliorn  female  eliieks 
were  reared  on  a  eoniinc'reial  ehiek  mash  for  four  weeks  to  a  body  weight  of  250-270  n»>- 
riie  birds  for  (“aeh  (“xperimeiit  were  weighed  and  randomized  into  groups  on  tin*  basis 
of  live  weight  jirior  to  the  start  of  hormone  admini.stration.  During  tin*  jieriod  of  hor¬ 
mone  administration  the  groups  were  fed  at  a  level  of  food  intake  (40  gm.  i)er  bird  per 
day)  eomjiatible  with  reasonable  growth.  The  inerease  of  live  weight  (approximately 
100  gm.)  was  similar  in  eaeh  grouj). 

Exfferiment  I.  Six  groujis  eaidi  of  4  birds  reeiuved  the  following  levels  of  estradiol  di¬ 
propionate  in  oil: — (Irouj)  1  reeeived  5  intramuscular  injections  on  alternate  days  of 
1.0  mg.  estradiol  dipropionate,  (Iroup  2.  5X0.2  mg.,  (trouj)  .3,  5X0.1  mg.,  (Iroup  4. 
5X0.04  mg..  (Iroup  5,  5X0.00S  mg.  and  (Iroup  0,  5X0.001  mg.  of  estradiol  dijiroiiionate. 
Tlu'  ehieks  were  killed  2  days  after  the  final  injection  and  the  oviducts  carefully  dis.seeted 
out. 

ExperimentK  2  and  3.  Three  groups  of  7  birds  (Exp.  2)  or  9  birds  (Exp.  3)  4  weeks  olil 
reei'ived  tin*  following  h'vels  of  estradiol  dii)ro])ionat(>: — (Iroui)  1  reeeived  5  intramuscu¬ 
lar  inji'ctions  on  alternate  days  of  2.0  mg.  estradiol  dipropionate,  (Irouj)  2,  5X0.3  mg. 
and  (Iroup  3,  5X0.15  mg.  The  birds  were  fed  as  in  Experiment  1.  .\.t  slaughter,  samjiles 
of  blood  were  obtained  by  free  bh'cding  from  the  jugular  vein  jirior  to  the  removal  of  the 
oviducts. 

Experiment  4-  AH  chicks  reciuved  5  intramuscular  injections  of  2  mg.  estradiol  dipropio¬ 
nate  on  alternate  days  after  being  randomized  at  four  weeks  of  age  into  0  groujis  each  of 
3  birds.  The  fifth  injection  was  timc'd  so  that  it  allowed  for  the  .same  lapse  of  time  (00 
hours)  in  all  groups  jirior  to  slaughter.  sixth  and  final  injection  of  estradiol  (2  mg.) 
was  admini.stered  at  times  varying  from  2  to  12  hours  before  slaughter. 

Blood  serum  .samjiles  were  frozen  jirior  to  drying  in  vacuo  over  I’l-Os.  The  eomjilete 
oviducts  from  eaidi  bird  were  weighed  rajiidly  and  cut  longitudinally  into  small  segments 
on  a  Petri  dish  jiartially  immersed  in  icc*.  Thin  sections  were  cut  from  these  .segments  and 
bulked  to  give  a  samjile  of  ajijiroximately  100  mg.  which  was  susjiended  in  Robinson 
medium  (11)  for  the  determination  of  resjiiration  rate  in  Barcroft  differential  resjiirom- 
etiTs  as  described  by  Dixon  (12).  The  moi.sture  content  of  a  rejiresentative  samjile  of 
the  remainder  was  found  by  drying  in  vacuo  over  PjOs.  .\fter  grinding,  criule  jirotein 
was  determined  by  the  Kjeldahl  method  and  fat  by  chloroform  extraction  in  drip  ex¬ 
tractors.  Pentosenucleic  acid  (PN.V)  and  deoxyjientosenuchuc  acid  (DX.V)  were'  de¬ 
termined  on  the  dry  samjih's  using  tlu'  Schmuder  (13)  method  of  nucleic  achl  extraction 
followed  by  the  Dische  (14)  reaction  for  DX.V  and  .Majbaum  (15)  reaction  for  PX.V. 
.VlkaliiK'  jihosjihatase  activity  of  oviduct  tissue  was  (h'termined  by  an  adajitation  of  the 
King-Armstrong  (Hi)  imdliod  to  dry  tissue,  as  describ(‘d  by  Delory  (17). 
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RESULTS  AND  DISCUSSION 

It  is  {generally  accepted  that  tliere  is  a  plateau  of  oviduct  growth  response 
to  estrogen  administration  related  to  body  size  in  immature  or  ovariecto- 
mised  animals  (IS).  The  authors  were  interested  mainly  in  examining  the 
changes  taking  place  in  oviduct  ti.ssue  growing  at  a  rate  comparable  to  that 
in  the  female  fowl  prior  to  the  onset  of  laying.  Most  investigations  of  the 
effects  of  estrogen  on  oviduct  growth  in  the  chick  have  employed  low  levels 
of  hormone  administration  which  do  not  produce  oviduct  growth  compa¬ 
rable  to  that  occurring  in  the  pullet  (d).  Preliminary  experiments  ha<l  shown 
that  female  chicks  of  dOO  400  gm.  body  weight  exhibited  maximal  oviduct 
development  when  10  mg.  estradiol  was  administered  over  a  period  of  ten 
days.  Dose-related  oviduct  growth  re.spon.ses  therefore  were  to  be  expected 
lielow  this  level  of  hormone  treatment. 

The  levels  of  hormone  used  in  1‘ixperiment  1  (Table  1)  gave  oviduct 


'I’aBI.K  1.  IIkKKCT  I)F  KSTKADKtI.  (IN  OVIDICT  WKKillT,  MOISTI  KK  CONTKXT 
AM>  RKSI-IRATION  RATK 

( lOxpcriincnt  1.  Mean  values) 
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.342 

1  .  .500 

10.88 

3.51 

.■).00 

3.3;? 

4 .  (>84 

18.  I(> 

2.51 

weights  1.0  to  100  times  as  great  as  those  in  untreated  controls  where  the 
weight  was  known  to  be  o0-7o  mg.  at  this  age  (d,  10).  The  data  for  the 
moisture  content  of  the  ti.ssues  support  tho.se  obtained  by  Brown  and 
.lack.son  (4),  who  showed  that  the  smaller  oviducts  of  folic  acid  deficient 
chicks  treated  with  estrogen  contained  a  higher  percentage  of  moisture. 
'Phe  respiration  rates  of  the  tissues  in  ]']xperiment  1  showed  some  stimula¬ 
tion  of  respiration  at  the  1.0  mg.  level,  but  at  the  highest  level  of  5.0  mg., 
where  there  was  a  large  increase  in  tis.sue  weight  the  respiration  rate  per 
unit  dry  weight  fell. 

These  data  provide  preliminary  evidence  of  the  rate  of  oxygen  con.sump- 
non  of  chick  oviduct  ti.ssue  over  a  range  of  growth  respon.ses  from  increasing 
t'strogen  do.ses.  In  I^xperiments  2  and  d,  three  do.sage  levels  of  estradiol  were 
elected  for  further  investigation,  so  that  one  level  was  on  the  plateau  of 
'>\iduct  re.sponse  and  the  other  two  levels  in  the  region  of  oviduct  growth 
espon.se  to  estradiol  dependent  on  dose.  The  results  of  these  experiments 
re  given  in  Table  2.  (iood  agreement  was  obtained  between  the  two  ex- 
)eriments  in  relation  to  the  magnitude  of  the  response  obtained  from  the 
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'I'aBI.K  2.  'I'llK  KKKE<  T  <IK  ESTRADIOL  0.\  THE  WEICHT,  MolSTl  RE,  |•RoTEI\,  1  AT 
AND  RESPIRATION  RATE  OF  THE  OVIDICT 

( Kxpcrimpiits  2  and  Mean  valups  ±S.K.M.) 


Total  dose  (‘stradiol 
dipropionatc 

(lUK-l 

0 . 7o 

1  .5 

10.0 

XiiinlxT  of  chicks. 

lv\p.  2 

1 

7 

i 

Fxp.  :i 
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•1 

0 

Final  iaxlv  wei^jht  (kid.) 

lOxp.  2 

dot) 
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ddt) 
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Fxp.  2 

1  .t).")±t).t)H 

1  .74  +0.24 

0.21  +0.dd 

((IDl.t 

Fxp.  d 

t).7()  ±1).  1 1 

1  .70  ±0.21 

0.40  ±0.2d 

1  )r\  matter  (  %) 

Fxp.  2 

Id. 71  +t).di 

Id.dl  +0.27 

18. 8d  +0.72 

Fxp.  d 

Id.Sd  ±0.()2 

Id. 00  ±0.d4 

10.14  ±0.dd 

Crude  protein  %  fresh 

i;xp.  2 

12.ti(i  ±l).4d 

11.77  ±0.47 

14. dll  ±0.08 

( 'rude  protein  %  dry 

Fxi).  2 

St).7t)  ±t).t)d 

70.84  ± 1 .00 

77.01  ±1  do 

Fat  %  fresh 

Fxp.  2 

1  .72  ±0.08 

1.77  ±0.0d 

2.d8±0. 17 

Fat  %  dry 

Fxp.  2 

10.04  ±0.42 

1  1  ..dO  ±0.2t) 

Id. 08  ±0.80 

Respiration  rate  (Qo-.-.  mI-/ 

Fxp.  2 

d.Ol  +0.dt) 

4.24  +0.d0 

2.02  +0.10 

lUK-  dry  \vt.,  hr.) 

Fxp.  d 

d  .84  ±()  .d2 

4,  10  ±0.20 

2. 10  ±0. 10 

Kig.  I.  lOffcct  of  tiiiip  aftiT  (‘Strop'll  iiijpction  on  oxysfn  poiisiiinptioii  of  oviduct  tissui 
Hacli  iioiiit  n-prcsciits  ini'an  i.c.  (>02  mu.  drv  \vt.  lir.)  +S.K.M. 
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lionnolu'  treat  incuts.  There  was  a  siy;nifieaiit  dilTerenee  between  the  0.7") 
infi;.  and  1.')  in}>:.  levels  of  estradiol  treatment  (h'.xp.  2,  P<().()2:  l\xp. 
d,  P  <0.001)  and  between  1.")  nifj;.  and  10.0  mfj;.  levels  (h'.xps.  2  and  d, 

P  <0.001)  as  regards  the  fresh  weight  of  the  oviduct.  The  moisture  content 
of  the  oviducts  from  birds  receiving  10  mg.  estradiol  Mas  significantly 
lower  than  that  of  the  oviducts  from  birds  receiving  l.o  mg.  and  0.7")  mg. 
estradiol  (hixps.  2  and  d,  P  <0.001).  There  Mas  a  significant  increase  in  the 
percentage  of  protein  in  fresh  oviduct  tissue  from  birds  receiving  10  mg. 
estradiol  (P<0.01)  as  compared  M’ith  the  tMO  loMer  treatments.  This  Mas 
due  to  the  large  influence  of  moisture  content  differences  on  compo.sition. 
.Vn  increa.se  in  the  fat  content  of  the  oviduct  a.ssociated  M’ith  a  higher  level 
of  hormone  treatment  M’as  observed  and  this  increiise  attained  significance 
at  the  highest  level  of  hormone  treatment  in  both  fresh  (P  <0.001)  and 
dried  tis.sues  (P  <0.01). 

The  respiration  rates  of  oviduct  tissues  obtained  from  chicks  in  hixperi- 
luents  2  and  are  also  presented  in  Table  2.  A  total  hormone  do.se  of  1  .o  mg. 
estradiol  gave  the  highest  respiration  rate  recorded  in  both  experiments. 
This  respiration  rate  Mas  almost  tMice  that  of  the  oviducts  from  birds  re¬ 
ceiving  10  mg.  estradiol  (Hxp.  2,  P<0.01;  lOxp.  3,  P  <0.001).  The  loMer 
oxygen  consumption  of  the  most  highly  stimulated  oviducts  may  not  be 
inconsistent  M'ith  the  increa.se  in  respiration  associated  M’ith  estrogen  ad¬ 
ministration  reported  in  uterine  tissues  from  the  rat  and  mouse  M’here  ac¬ 
tive  groM’th  stimulation  is  taking  place  (20).  Oviducts  from  birds  receiving 
0.75  and  1.5  mg.  estradiol  Mere  in  a  state  of  active  development  M’hile  those 
from  birds  receiving  10  mg.  had  reached  the  plateau  of  end  organ  groM  th 
re.sponse. 

Several  Morkers  (0,  10)  using  small  doses  of  estrogens  have  investigated 
the  effect  of  the  time  lapse  after  hormone  treatment  on  the  respiration  rate 
of  rat  uterine  tissue.  Huberts  and  Szego  (10)  found  that  total  oxidative 
metabolism  of  the  ti.ssue  reached  a  maximum  10-20  hours  after  estrogen 
treatment.  Some  indication  of  an  increase  in  respiration  Mas  noted,  hoM- 
ever,  in  the  first  hour.  The  authors  have  studied  this  aspect  using  oviducts 
'timulated  to  the  groM  th  plateau  since  this  eliminated  possible  interference 
from  ti.ssue  groMth.  The  re.spiration  rates  at  increa.sing  times  after  a  test 
do.se  of  the  hormone  (2  mg.)  are  shoMii  in  Figure  1. 

The  respiration  rates  Avere  of  the  .same  order  as  tho.se  recorded  for  the 
highest  hormone  treatments  in  hixperiments  2  and  5. 

While  there  Mas  an  indication  that  at  4  hours  after  estrogen  injection 
there  Mas  an  increase  in  oxygen  con.sumption,  .significant  decreases  from 
this  figure  Mere  recorded  betMeen  4  hours  and  8  hours  (P  <0.05)  and  again 
betM’een  (i  hours  and  10  hours  (P<0.01).  This  decrease  occurred  earlier 

han  that  reported  for  rat  uterine  tissue. 

It  seems  Mell  established  that  one  of  the  best  indices  of  groM  th  pattern  is 
provided  by  examining  the  increases  in  the  nucleic  acid  content  (particu- 
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( lAXIMTiini'iits  2  :iinl  2.  .\Ic:iii  values  ±  S. Iv  M  . ) 


Total  dose  estradiol 
diprojiiouate  (nm.) 
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0 

.Mkaline  phosphatiise  (K..\.  units/gm. 
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0  .50  ±0.04 

0.74  ±0.10 

0.54  +0.14 

.Mkaline  phosphatase  (K..\.  units/gm. 

( 1  r  v ) 

a. 74  ±0.22 

4.84  ±0.04 

2.a8±().70 

larly  PXA)  of  rapidly  giwviiiK  tissues  (20).  Tliese  increases  in  nucleic  acid 
content  are  usually  accompanied  hy  a  parallel  increase  in  alkaline  phospha¬ 
tase  activity  (21).  The  authors  have  determined  nucleic  acid  and  alkaline 
l)hosphatase  levels  in  oviduct  tissues  from  the  experimental  birds  (Table 
B).  The  level  of  DXA  in  dried  oviduct  tissues  from  the  l)irds  receiving  the 
highest  level  of  hormone  was  significantly  lower  (P  <0.01)  than  that  in  the 
two  lower  treatments.  This  difference  fails  to  attain  statistical  significance 
when  calculated  on  a  fresh  tissue  basis.  The  very  great  increase  in  total 
DXA  content  of  an  oviduct  indicates,  however,  that  the  usual  hyperplasia 
as.sociated  with  estrogen  treatment  has  taken  place.  The  ratio  of  PXA  to 
DXA  in  the  oviducts  from  the  birds  which  received  10  mg.  estradiol  wa.s 
significantly  greater  than  in  those  from  birds  which  received  l.o  mg. 
estradiol  (P  <0.01)  and  gave  an  indication  of  a  relatively  larger  increase  of 
PXA  and  DXA  due  to  estrogen  stimulation.  The  fact  that  the  PXA  DXA 
ratio  was  unchanged  between  the  two  lower  hormone  treatments,  even 
though  there  was  a  large  increase  in  fresh  weight,  .suggested  that  this  in¬ 
crease  in  fresh  weight  was  due  to  hyperplasia,  whilst  the  highest  level  of 
hormone  produced  hypertrophy  as  well. 

Davis,  Meyer  and  McShaji  (7)  have  reported  that  estrogen  decreases  the 
alkaline  pho.sphatase  concentration  per  unit  fresh  weight  in  rat  uterine 


Table  4.  Kekect  of  estradiol  on  the  dry  matter  and  fat  content  of  blood  sercm 
( Hxpcriniciits  2  iiiul  a.  Mi-aii  values  ±S.K.M.) 
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tissuo.  ^\’('  liavo  invest alknliiio  pliospluitaso  levels  of  est  rojiCMi  stimu¬ 
lated  oviducts  (Tal)le  :f).  The  ehaiifies  in  alkaline  i)hosi)hatase  activity  were 
similar  to  those  for  respiration  rate.  When  inaxinuun  hypertrophy  had 
taken  place  the  enzyme  activity  per  unit  weif^ht  de(*reased  (P<().()2).  The 
concentration  of  this  enzyme  found  in  the  tissue  reflected  the  degree  of  cell 
liypertrophy,  an  effect  also  noted  by  Davis  ct  nl.  (7)  with  uterine  tissue  from 
uninopterin-treated  rats.  Brown  and  Jackson  (4)  have  shown  alkaline 
nho.sphatase  activity  in  the  oviduct  to  be  greater  in  estrogen-treated  folic 
icid  deficient  birds,  which  had  a  decrea.sed  growth  response  to  estrogen, 
ihan  in  estrogen  treated  normal  chicks.  In  the  present  experiments  where 
the  size  of  the  organ  was  determined  by  estrogen  level  rather  than  folic 
icid  deficiency,  the  same  pattern  existed,  suggesting  that  this  phenomenon 
was  unrelated  to  effects  other  than  the  degree  of  hypertrophy  of  the  tissue. 
Histological  observations  by  Andrus  and  Zarrow  (22)  showed  that  alkaline 
phosphatase  activity  in  the  epithelial  layers  of  the  chick  oviduct  was 
greatly  increa.sed  in  larger  oviducts.  In  the  sampling  of  whole  tissues,  as  in 
the  present  experiment,  this  effect  would  be  obscured. 

The  data  on  dry  matter  and  fat  contents  of  the  blood  .sera  from  the  estro¬ 
gen-treated  chicks  indicated  the  magnitude  of  the  influence  of  the  different 
levels  of  hormone  on  blood  composition  (Table  4).  The  highest  level  of 
estrogen  treatment,  which  gave  maximal  oviduct  response,  also  produced 
marked  lipaemia,  but  there  was  also  an  increa.se  in  fat  content  of  serum 
a.ssociated  with  the  administration  of  l.o  mg.  of  hormone.  Cdianges  in  the 
dry  matter  of  blood  .serum  followed  a  similar  pattern. 
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THE  RELATIVE  THYMOLYTK’  ACTIVITIES  OF  ('ORTI- 
(’OIDS  USIXO  THE  ()VARIE(T(LM IZED- 
ADUENALECTOMIZED  MOUSE* 

RALPH  1.  DORFMAX  and  ADELIXE  S.  DORFMAX 

WorreiiU  r  Foundation  for  FxptrinienFd  Biologi/,  Shreu'shurg,  Mas.mcliuiu  ttx 
AliSTH.U’T 

The  tliyimis  filand  of  tlu'  adronalectoniizcd-ovaru'ctoniizc'il  inouso  is  a 
suitable  test  object  for  tlie  l)ioassay  of  eorticoids  administered  subcutaneously 
or  orally.  The  response  consisted  of  an  inverse  relationship  betwc'en  df)s<‘  and 
thymus  size*.  When  a  total  of  44  to  oO  mice  \v('re  used  on  the  standards  plus 
unknowns  (two  concentrations  of  each),  an  index  of  precision  (X)  of  0.221 
(ranffe  0.1  IS  to  0.40S)  was  found  for  the  assay  of  cortisone  and  cortisol.  Increas¬ 
ing  doses  of  cortisol  and  cortisone  and  some  related  stcuoids  |)roduced  increasinf!; 
thymic  involutions  to  25%  of  the  control  .size.  Duso.xycorticosterone  i)roduced 
statistically  si>;idficant  involutions,  but  the  curve  ai)p(>ars  to  level  off  at  75% 
of  the  initial  thymus  size.  On  this  basis,  deso.xycorticosteroiu'  a])pears  to  f!;ive  a 
(pjalitatively  different  response  than  that  found  for  the  cortisol  and  cortisone 
jrrou])  of  steroids.  Xo  true  thymolytic  effect  could  be  demonstrated  for  the 
estrogens  estradiol- 1 7/i  and  stilbestrol,  but  testosterone  and  progesterone  i)ro- 
duc(Ml  sifjnificant  but  limited  thymus  involution  at  relatividy  hifjh  dosa}fe 
h'vels. 

When  the  activity  of  cortisol,  by  the  subcutaneous  route,  was  assigned  an 
activity  of  100%,  the  following  ndative  activities  were  found:  9a-fluorocortisol. 
272%  ±  1 1 ;  cortisone,  79%  ±4.0;  9a-hydroxycortisol,  57% +5.1;  corticos¬ 
terone,  45%  ±4.5;  21-deso\ycortisol,  35%  ±2.5;  and  (h>soxycorticosterone, 

12%  ±0.0. 

UXI)1’)R  tlie  influence  of  eorticoids  the  thymus  gland  undergoes  involu¬ 
tion,  and  this  response  has  been  u.sed  for  the  evaluation  of  the  relative 
potencies  of  these  steroids  (1-S). 

This  paper,  employing  a  modification  of  the  method  of  Santisteban  and 
Dougherty  (3),  reports  the  relative  activities  of  various  eorticoids  ad¬ 
ministered  both  orally  and  by  subcutaneous  injection. 

METHODS 

Mice  of  the  C'-57  brown  strain  arc  bilaterally  adrcnalcctomizcd  and  ovaricctomizcd  at 
2")-26  days  of  age  under  ether  anesthesia.  In  most  .tests,  one  day  after  operation,  the 
a  tive  material  suspended  in  Tween  SO  was  administeri'd  by  subcutaneous  injection. 
1  le  total  dose  was  contained  in  0.2  ml.  Two  injections  of  0.1  ml.  each  were  spaced  at 
1'  ist  four  hours  apart.  .Vutopsies  were  performed  18-20  hours  after  the  last  injection, 

R»“ceived  November  17,  1900. 
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Table  1.  The  thymoi.ytic  ArriviTY  ok  i  okticoihs 


Corticoid 

T»)t!il  dns.Mgc 
(mKI 

No.  of 
inicp 

•Mean  thymus 
ratio  ±S.E. 

0 

0 

(i(i9 

4.05±0.04 

Cortisol 

(id 

d8 

d. 48  ±0.11 

12.5 

19d 

2.99  +0.0ti 

250 

182 

2.24±0.0ti 

.500 

l(i(i 

1  .(i5±0.05 

1000 

10 

1  .IdlO.Ki 

(’ortisoiic 

(id 

Id 

d.()7  to.di 

125 

159 

d.  Id  ±0.07 

2.50 

d22 

2.(i2  +0.05 

.500 

24d 

1  .79  ±0.07 

1000 

2(i 

1  .27  ±0.09 

Corticosterone 

(id 

7 

d.29  ±0.27 

125 

17 

d..54  +0.21 

250 

18 

d  .  17  ±0.22 

500 

21 

2  .  Id  +0.19 

1000 

21 

1  .87  +0.14 

2000 

1 1 

1  .d9  ±0.08 

21-1  )csox  vcort  isone 

125 

25 

d.48+0. 17 

250 

d7 

d  .27  ±0 . 15 

.500 

d(i 

2..5(i+().  10 

1000 

d(i 

2.d2+().12 

2000 

8 

1.71  ±0.19 

I  )csoxvcort  icostcronc 

2.50 

9 

4.04  +0.17 

.500 

54 

d. 58 +0.08 

1000 

d4 

d. 08  ±0.20 

2000 

()5 

d.()0±0.10 

9a- Hvdrox  vcort  isol 

d4 

.  9 

d.d5  +0.24 

(id 

9 

2.59  ±0.d7 

125 

20 

d.09  +0.25 

2.50 

18 

2.84  +0.21 

.500 

20 

2.45±0.2d 

9o-Fhiorocortisol 

d4 

19 

d.()d+0.21 

(id 

18 

2.59+0.17 

125 

19 

1  .02+0.12 

200 

18 

1  .d9±0.12 

at  wliich  time  body  and  thymus  weights  were  determined.  The  responses  were  recorded 
as  the  ratio  of  milligrams  of  thymus  per  gram  of  body  weight. 

In  a  second  series  of  tests  the  steroids  were  incorjmrated  in  a  high  protein  diet  (9  . 
The  dosage,  in  these  studies,  was  expressed  as  mg.  per  kg.  of  food.  The  diet  containiii ' 
the  test  steroids  was  administered  for  a  two-day  period  starting  with  the  daj’  of  oper:  - 
tion,  after  which  time  autopsies  similar  to  that  jjreviously  described  were  p(>rformed. 

RESULTS 

The  results  (Table  1  and  Fig;.  1)  illustrate  the  re.sponse  of  the  mou?  3 
thymus  to  subcutaneously  administered  corticoids  using  the  C-57  brou  i 
mouse.  This  .series  of  compounds  represents,  mainly,  highly  active  steroid  . 
Parallel  dose  response  curves  were  found  for  9a-fluorocortisol,  cortiso  , 
cortisone,  corticosterone,  and  21-desoxycorticosterone.  Desoxycorticostt  - 
rone  showed  a  distinct  effect  on  the  thymus  gland,  and  of  interest  is  tl.  ■ 
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iact  tliat  at  least  over  a  narrow  dose  range  tlie  dose-response  curve  was 
essentially  parallel  to  that  of  the  more  highly  active  corticoids,  such  as 
cortisol  and  cortisone.  9a-IIydroxycortisol  appears  to  give  a  unitpie  re¬ 
sponse  insofar  as  the  log  dose-response  relationship  was  far  more  shallow 
than  that  observed  for  the  other  corticoids.  The  steroid  acetates  of  cortisol, 
cortisone,  and  1 1-dehydrocorticosterone,  under  the  same  conditions, 
showed  parallel  log  dose-response  curves  (Table  2  and  Fig.  2). 

The  influence  of  the  two  estrogens,  estradiol-1 7/3  and  stilbestrol,  were 
studied  by  .sul>cutaneous  injection  (Table  :i).  h'.st radiol-17/3,  even  at  con¬ 
centrations  as  high  as  2  mg.  per  day,  produced  no  significant  involution  of 
the  mouse  thymus  gland.  Some  irregular  non-.significant  decreases  in 
thymus  size  were  observed  at  the  lower  doses  of  2.5  and  250  jug.  A  similar 
l)attern  was  found  for  stilbestrol,  where  no  significant  thymolytic  effect 
could  be  observed  at  the  three  concentrations  of  0.1,  1  and  4  mg.  studied. 

Table  4  illustrates  the  influence  of  various  steroids  which  are  neither 

Tabi.k  2.  The  thymolytic  activity  of  cokticoid  acetates 


('orticoid 

Total  ilosage 

Xo.  of 

^I^‘aIl  thvmus 

acetate 

(mK* 

mico 

ratio  ± S.K. 

0 

(1 

000 

4  .0,5  ±0.01 

‘ortisol  Acetate 

25 

18 

4.02  4-0. 1.5 

.tO 

:i4 

2.H2  4-0.17 

100 

18 

1  .04  4-0.28 

200 

:i.5 

1  .02  ±0.00 

'ortisone  Acetate 

2.'j0 

:{0 

2.82  ±0.1.5 

.500 

:i7 

2.1.5±0.14 

l-Dehvdrocorticosterone 

2.5t) 

18 

2.10  4-0. 1.5 

Acetate 

.50t) 

28 

1  .0.5  ±0.14 

1000 

HO 

1  ..52  4-0.08 

2000 

0 

1  . 10  4-0.  IH 
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estr<)f5eni(*  nor  true  corticoids.  Testosterone,  at  the  I  and  2  infi;.  levels,  pro¬ 
duced  sifjnificant  tliyinolytic  elTects.  However,  increasing  the  dose  4  mg. 
per  day  abolished  the  effect  entirely.  In  the  case  of  progesterone,  although 
three  concentrations  from  O.o  to  2  mg.  were  ineffective,  the  dose  level  of  I 
mg.  per  day  did  give  a  small  hut  .significant  respon.se. 

The  thymolytic  response  to  corticoids  incorporated  in  the  diet  is  illus¬ 
trated  in  Table  o.  Concentrations  of  corti.sol  as  low  as  2.o  and  o  mg.  per  100 
gm.  of  food  were  highly  eff  ective  in  causing  thymus  involution. 

Table  ff  illustrates  a  set  of  assays  employing  the  involution  of  the  thymu' 
of  the  adrenalectomized-ovariectomized  mouse.  Both  corti.sone  and  cortisol 
were  a.ssayed  against  themselves,  and  the  theoretical  potency  ratio  wa.'^ 
100%.  In  the  case  of  corti.sone,  when  the  total  number  of  mice  in  an  a.s.say 
varied  from  44  to  oO,  potency  ratios  varying  from  ()()-I0o%  were  found. 
'Fhe  bioassays  were  calculated  by  the  method  of  Bliss  (10),  in  which  two 


Tabi.k  a.  Thk  thymolytic  activity  ok  KSTROC.KNS 


Iv'itroncii 

Total  dost' 

No.  of 
mice 

.Mean  thymus 
ratio  ±S,I.;. 

0 

0 

(>r>0 

4  .05  ±0.04 

Fslr;nliol-l7;i 

.1 

10 

4.20  ±0.27 

25 

18 

a  .07  ±0 .27 

250 

8 

a. 50  ±o.ai 

1000 

10 

4.4a±o.aa 

2000 

0 

■  .  5.08±0.a2 

Stillii’strol 

100 

18 

a.o8±o.a8 

,500 

1  1 

4.01  +0.24 

1000 

20 

a.  85  +0.22 

2000 

1 1 

4.  la  ±o.a4 

4000 

0 

a.  7a  ±0.28 

'I'aHI.K  1.  'I'llK  TMYMOl.YTK  A(  TIYITY  OF  MISCKl.I.A  N  KOI  S  STKKolDS 


Steroid 

Total  dose 

Xo.  of 

Mean  thvinns 

(tiK) 

inioe 

ratio  ±  S.M. 

0 

0 

000 

4.05  ±0.01 

7-Mcthvl-±*-!ii»drost(‘n(‘- 

1000 

8 

5.58+0.50 

5, 1 7(i-<liol 

1000 

0 

1.38  ±0.25 

■’-.\ii(lro.'<t('ii(‘-5/3, 1 7d-diol 

1000 

7 

5.00+0.23 

1000 

■ 

4.77  ±0.20 

(‘stosterone 

500 

8 

5.07  +0.48 

1000 

10 

5.11  +0.25 

2000 

10 

2.01  +0.50 

1000 

21 

5.50  ±0.21 

7-\’inyllcslos1(“roiie 

250 

10 

4.  15+0  27 

500 

15 

4.17+0.54 

1000 

17 

5.02  ±0.24 

d(‘lhyltcslosteron(’ 

250 

7 

5.45  +0.20 

500 

8 

5.80  +0.52 

1000 

" 

5.05  ±0.55 

i  '.t-Nort('stostt“n)iic 

500 

7 

5.05  +0.51 

1000 

8 

5.58+0.58 

2000 

8 

1.20  ±0,52 

A"'- 1  lehydroproficst  (‘rone 

500 

8 

5.07  +0.51 

1000 

t» 

4.05+0.27 

2000 

5.05  ±0.58 

I’ldnef^terone 

500 

10 

4.02  +0.24 

1000 

55 

4.00  +0.21 

2000 

18 

4.20  +0.22 

1000 

27 

5.11  ±0.28 

A'-.\ndrostene-5d,  1  7d-(liol 

500 

0 

5.00  +0.50 

1000 

1  1 

4.45  +0. 18 

2000 

1  1 

5.81  +0,51 

Tabi.k  5.  Thk  Til Y.MOLYTIC 

RKSeoNSK  TO  OKALI.Y 

AO.MI.MSTKHKI) 

STKKOIDS 

li.Nlt. 

Steroid 

1  lose  inu.  / 100 

Xo.  of 

Mean 

(fin.  food 

inie(‘ 

ratio  ±S.I';. 

A 

0 

0 

1 1 

4 .48  ±0.17 

(*orti.'(ol 

5.0 

0 

1  .01  +0.14 

10.0 

10 

1  .58+0.00 

20.0 

1  1 

1  .05  ±0.07 

('orlieosterone 

5.0 

10 

5.00  +0.25 

10.0 

1  1 

1  .85±0. 18 

20.0 

10 

1  ,04  +0.25 

40.0 

10 

1  .00  ±0.0il 

It 

0 

0 

tl 

1 . 57  ±  0 . 2 1 

('ortisol 

2 . 5 

1  1 

2.47  ±0.55 

5.0 

10 

1  .44  ±0.14 

10.0 

0 

1.11  +0.00 

20.0 

0 

0  04  ±0.05 

•J.')!)  ±0  2'.t 
■J.M\  +().:{2 
I  .57  ±0.20 
I .51  to. 15 


0 
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'I'able  ().  Thymoi.ytk’  assay  of  foktisone  and  cortisoi. 

High  I)os«>  of  Ktaiulard  _High  Dose  of  I’likiiown 
Low  Dose  of  Standard  Low  Dose  of  riiknowii 


(Standard  =  I'nknown ) 


Steroi<l 

Total 
Xo.  of 
mice 

Ratio  of  liigh 
to  low  dose 
( Dose  in  mg.) 

Composite 

slo|)e 

1) 

Signitieanee 
of  slope 
t 

I’reeision 
of  assay 
\ 

I’otenry 

ratio 

%±S.K. 

Cortisone 

2 

(().  12.i:  0.2.5) 

-4.51 

1  .  182 

0.2:18 

00  ±  Id 

44 

4 

(0 . 12.5;  0 ..5) 

-:{.H.5 

1  .:i4l 

0.408 

7:1  ±21 

52 

4 

(0.2.5;  1  .0) 

-2.48 

1  .005 

0.204 

05  ±  10 

44 

2 

(0 . 2.5;  0 .  .5 ) 

-2.42 

0.705 

0.:t20 

105  ±22 

52 

2 

(0.2.5;  0.5) 

-:i.4.5 

1  .070 

0.118 

00  ±  12 

52 

2 

(0.5;  1  .0) 

-  1  .0!) 

o.ooa 

0.275 

71  ±14 

Cortis(d 

5(1 

2 

(0.25;  0.5) 

-  1  .50 

0.054 

o.:t42 

107  ±2d 

concentrations  of  the  unknown  and  two  concentrations  of  the  standard 
were  employed.  In  no  instance  were  any  sig;nificant  differences  found  be¬ 
tween  the  slopes  as  indicated  by  the  t  values  listed  in  Table  (i.  Lambda  (X), 
a  measure  of  the  precision  of  the  assay,  varied  from  0.118  to  0.408.  In  one 
trial,  wliere  cortisol  was  assayed  against  itself,  a  potency  ratio  of  107  ±2:1 
was  found.  Here,  the  index  of  precision  was  0.:142  and  the  slopes  of  the  un¬ 
known  and  standard  were  not  significantly  different. 

In  another  series  of  assays  (Table  7),  a  three  point  assay  was  employed 
and  the  data  w(*re  calculated  by  the  method  of  Biihlbring  and  Burn  (11). 
^^'hen  cortisol  was  assay(‘d  with  a  theoretical  potency  ratio  of  100%,  the 


'I'abi.e  7.  Assay  of  fortisoxe  and  «'ortisoi. 


(Staiulard  =  I'nknown) 


Standard 

I'nknown 

('oml)ined 

slope 

1) 

l*otene\ 

ratio 

%±s.i';. 

.St»“roid 

Total 

No.  of 
miee 

1  )osage 
( mg. ) 

Steroid 

Total 

No.  of 
miee 

1  )osag*“ 

( mg. ) 

Corti.sol 

42  0. 

125;  0.25; 
0,5 

Cortisol 

42  0. 

125; 0.25; 
0.5 

-1  ..50 

101  ±22 

Cortisone 

42  0 . 

25;  0.5: 

1  .0 

Cortisone 

42  0. 

2.5;  0.5; 

1  .0 

-2..5d 

87  ±  0 

('ortisone 

do  0. 

125;  0.25; 
0.5 

Corti.soni- 

d.5  0. 

125:  0.25; 
0.5 

-4.41 

80  ±  '.) 
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alue  found  was  101%  ±22%  and  tlu*  slopes  of  the  unknown  and  standard 
vere  not  sifj;niticantly  different.  Cortisone  was  sul)jected  to  two  trials,  with 
otency  ratios  of  (S7%±9%  and  S0%±9%  being  recorded  against  theo- 
'tical  potency  ratios  of  100%.  The  relative  potency  of  seven  corticoids 
hninistered  subcutaneously  are  listed  in  Table  S.  Cortisol  was  employed 
^  the  reference  standard,  and  its  potency  was  a.ssigned  the  value  of  100%. 
ji-Fluorocortisol  was  found  to  be  the  most  active  thymolytic  steroid, 
aving  a  potency  ratio  of  272%  ±  11%.  The  relative  potency  ratio  in  de- 
•easing  order  was  cortisone  79%  ±4.0%;  Oa-hydroxycorti.sol,  57%  ±5.1%; 


Tabi.k  8.  Hki.ative  thymolytic  activities  ok  vakiocs  cokticoids 
ADMIMSTEKEI)  Sl  BCCTANEorsLY 


Standard 

Unknown 

( 'oiiibincd 
slopes 
b 

I’otency 
ratio 
%  ±S.K. 

.  T"'"'  IWRe 

.-ro.d  No.  of  ^ 

mice  ^ 

Steroid 

Total 

No.  of 
mice 

Dosui'e 

OiiK.) 

.rtisol  58!>  0 .(»63:  0. 125; 

0.25:  0.5;  1.0 

('(►rtisone 

7(W 

O.OBH;  0.12.5; 
0.2.5;  0..5;  1.0 

-2  12 

70+  4.0 

0a-Kluorocortisi»l 

74 

0.032;  0.063; 
0.125;  0.2 

-2.17 

272  ±  11 

Desoxycorticosteroiu* 

88 

0..5;  1 .0 

-2.18 

12+  0.6 

Oa-H  ydroxyoortisol 

.58 

0.125;  0.25;  0.5 

-2.08 

57+  5.1 

Corticosterone 

88 

0.125;  0.25; 

0.5;  1 .0;  2.0 

-2.11 

45+  4.5 

2l-De8oxycorti8one 

142 

0.125;  0.25; 

0.5;  1.0;  2.0 

-2.17 

.35 ±  2.5 

T.ABLK  9.  HeI-ATIVE  thymolytic  activity  ok  vahioi  *S  cnKTICOll) 

ACETATES  ADMIMSTEKEI)  SC BCl’TA \ EOCSLY 

Standard 

I'nknow 

11 

('onil)ined 

slope 

l> 

Potency 

ratio 

%±S.K. 

-i  Dosage 

Steroid  No.  of  . 

mice  ^ 

Steroid 

';;s" 

mice  ^ 

Cortisol  87  0 .025;  0  .O.t:  Cortisone  70  0.25:0.5  —1.17  10+2 

Arot.Tti'  0.1;  0.2  .\retate 


I )chy(irocor-  85  0.25;  0.5;  —1.02  25+0 

tioosteroiu'  1.0;  2.0 

•Cootati' 


Table  10.  Relative  thymolytic  activity  ok  vahioi  s  corticoids 

WHEN  ADMINISTERED  ORALLY 


Standard 

Unknown 

(’oml)ined 

slope 

1> 

Potency 

ratio 

%±S.K. 

Steroid 

Total 

No.  of 
mice 

1  )osage.s 
ing./kilo 
food 

Steroid 

Total 
No.  of 
mice 

1  )osages 
mg. /kilo 
food 

ortisol 

ao 

5;  10;  20 

Uorticosterone 

11 

5;  10; 
20;  40 

-4.17 

52  ±:} 

ortisol 

:19 

2.5;  5.0; 

10:  20 

1  1- Dehydro¬ 
corticosterone 

:i(> 

o;  10; 
20;  40 

-2.26 

81  ±4 

2'.»0  DOHFMAN  AND  DOUF.MAN  Volume  an 

corticosterone,  45%  ±4.5%;  21-(lesoxycortisone,  35%  ±2.5%,;  and  desoxy- 
corticosterone,  12%  ±  ().(>%. 

The  corticoid  acetates  were  studied  and  the  results  are  presented  in 
Table  9.  Cortisol  acetate  was  found  to  be  ten  times  as  active  as  the  corti¬ 
sone  derivative  and  four  times  as  active  as  the  acetate  of  dehydrocorti¬ 
costerone. 

The  relative  activity  of  three  corticoids,  when  incorporated  in  the  diet, 
are  listed  in  Table  10.  Corticosterone  was  found  to  be  52%  ±3%  as  active 
as  cortisol,  and  dehydrocorticosterone  had  an  activity  of  31%,  ±4%)  as 
compared  to  the  same  standard. 

DISCUSSION  AM)  CONCLUSIONS 

Our  experiments  indicate  that  the  thymolytic  respon.se  is  not  comjiletely 
specific  for  .so-called  corticoids.  Hather,  it  is  more  correct  to  say  that 
corticoids  of  the  glycogenic  type  show  a  characteristic  intense  thymolytic 
effect  with  a  preci.se  relationship  between  dosage  and  respon.se.  Cortisol, 
cortisone,  and  9a-fluorocortisol  are  in  this  cla.ss.  Desoxy corticosterone 
produces  a  small  but  .statistically  significant  thymus  involution.  The  im¬ 
portant  point  is  the  fact  that  de.soxycorticosterone  produces  only  a  mini¬ 
mum  respon.se  in  spite  of  rather  high  doses.  It  is  suggested  that  although 
desoxycorticosterone  functions  as  a  thymolytic  substance,  it  is  (pialita- 
tively  different  in  its  activity  from  that  of  the  corticoids  of  the  cortisol 
group.  The  difference  in  activity  is  not  immediately  apparent.  Desoxy- 
corticosterone  is  known  to  have  significant  and  relatively  uniipie  iidiibitory 
effects  on  the  oxidative  metabolism  of  various  tissues,  isolated  enzyme 
system,  and  an  amino  acid-protein  incorporating  system.  The  (piestion  may 
l)e  asked,  “Does  de.soxycorticosterone  produce  its  limited  thymolytic  effect 
by  means  of  this  inhibitory  action,  which  is  different  from  the  mechanism 
by  which  the  cortisol  group  of  steroids  produce  their  influence?’’ 

No  true  thymolytic  effects  were  evident  for  either  the  naturally  occur¬ 
ring  estrogen,  estradiol-173,  nor  the  synthetic  estrogen,  stilbestrol.  Tes¬ 
tosterone  and  progesterone  showed  .some  thymolytic  activity  at  high  dos<' 
levels  which  may  be  due  to  their  inhibitory  action  on  oxidative  metabo¬ 
lism. 

The  method  as  pre.sented  here  is  a  practical  means  to  assess  corticoid 
activity.  It  is  simple,  fast,  and  economical.  In  addition  to  the  usual  bio¬ 
assay  precautions,  it  is  important  to  study  not  only  the  ability  of  a  steroid 
to  produce  thymic  involution,  but  it  is  desirable  and  necessary  to  demon¬ 
strate  an  extended  do.se-response  relationship.  This  additional  labor  i.- 
rewarding  and  would  prevent  fal.se  evaluations  of  steroids  of  the  de.soxy¬ 
corticosterone  type. 
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DILATION  OF  THE  UTERINE  ('ERVIX  OF  THE  RAT  AND 
A(’(X)MPANYING  CHANGES  DURING  THE  ESTROUS 
CYCLE,  PREGNANCT  AND  FOLLOWING  TREAT¬ 
MENT  WITH  ESTRADIOL,  PROGESTERONE 
AND  RELAXING 

M.  X.  ZARHOW  AM)  J.  YOCIHAU 

Department  of  Biological  Sciences,  Purdue  I’niversitg,  Lnfagette,  Indiana 
ABSTRAC'T 

All  in  vitro  method  was  employed  to  measure  the  dilatahility  and  tensile 
strength  of  the  uterine  cervix  of  tin*  rat  during  tin*  estrous  eyele,  gestation  and 
the  puerperium.  Dilatahility,  percent  wati'r  and  cervical  weight  increased 
throughout  gestation  to  a  maximum  at  parturition.  Tensile  strength  and  per¬ 
cent  eollagmi  (as  measured  by  hydroxyproline)  of  the  cervix  deen*ased  through¬ 
out  gestation.  Within  48  hours  post-partum,  all  measurements  tended  to  re¬ 
turn  to  values  seen  in  the  noniiregnant  rat.  The  maximum  dilatahility,  o*'- 
served  at  parturition,  was  found  to  he  due  in  part  to  stretching  induced  hy  the 
fetus  traversing  the  birth  canal.  Helaxin  caused  similar  changes  in  dilatahility. 
tensile  strengh.  percent  water  and  collagmi  in  pri'gnant  ovariectomized  rats 
treated  with  the  ovarian  steroids.  .Measurements  obtained  in  non-pregnant, 
ovariectomized  rats  treated  with  estrogim.  progesterone  and  relaxin  yieldeil 
comparable  results  hut  the  magnitude  of  the  cervical  dilatahility  was  not  as 
great  as  that  observc'd  in  the  intact,  pregnant  animal. 

BOTH  in  vivo  atul  in  vitro  studies  have  sliowii  a  prog;re.s.sive  increase  in 
tlie  dilation  of  the  uterine  cervix  of  the  rat  during  pregnancy  (l-o). 
The  initial  studies  of  DeVaal  (1)  and  Uyldert  and  DeV^aal  (2)  revealed  that 
this  phenomenon  was  not  oh.servahle  in  non-pregnant  rats,  could  not  he 
induced  with  estrogen  and  was  not  due  to  pressure  from  the  distended 
uterus.  Within  recent  years  evidence  has  been  presented  to  show  that 
relaxin  is  one  of  the  hormones  necessary  for  dilation  of  the  uterine  cervix 
in  the  cow  (h,  7),  .sow  (S),  mouse  (9,  10)  and  rat  (o,  11,  12,  IB). 

The  pre.sent  study  was  undertaken  to  determine  the  re.spective  roles  O' 
the  ovarian  steroids  and  relaxin  on  dilation  of  the  uterine  cervix  of  the  ra 
and  to  compare  the  results  obtained  after  hormone  treatment  with  tha 
.seen  in  normal  pregnancy.  The  parameters  of  cervical  change  u.sed  in  thi 

Receive*!  NdvemlxT  24,  19h0. 

'  These  re.sults  were  presented  at  the  1st  International  ('ongfess  of  Endocrinolog.\ 
Copenhagen,  1960.  .Vided  in  part  by  a  Research  (Irant  (R(J-7S31)  from  the  Division  « 
(leneral  Medical  Sciences,  Puhilc  Health  Service,  XIH. 

*  NIH  predoctoral  fellow  19.58-1960  National  Cancer  In.stitute,  CR-8558.  CT 
8558-Cl.  Present  address:  Department  of  .\natomy.  University  of  Illinois,  College  c 
Medicine,  Chicago,  Illinois. 
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!j(u<ly  are:  1)  <lilatal)ility,  2)  tensile  strength,  3)  wet  weislit,  1)  iier  cejit 
water,  aiul  o)  collaKeu. 

MA'l'ERlAnS  AND  METHODS 
Auimulx:  Uiiintliiig  Inroad ures- 

Female  rats  (150-2o()  j^m.  body  weight)  of  the  Wistar  strain  were*  divided  aeeording 
to  age  and  housed  in  groui)s  of  S-12  rats  per  eage  in  a  room  witli  a  eontrolled  Ei  hour 
artificial  photoperiod  (7:30  a.m.  to  S::t()  i*..\i.)  and  a  t(‘m|)erature  range  of  t).S°-72°  F. 
Animals  were  fed  a  diet  consisting  of  either  Rockland  Laboratory  Feed  or  Purina  Rat 
yhow  in  pellet  form,  and  taj)  water  ad  libitaai.  Male  rats  used  for  mating  were  similarly 
housed. 

Ovarieetomized  animals  wi're  rested  at  least  two  weeks  post-ot)eratively  before  treat- 
iiient  with  the  ovarian  steroids  (estradiol  17-/(i  and  i)rog(‘steron(‘  in  i)eanut  oil)  and 
relaxiir*  (in  bei'swax-oil)  was  initiated.  Pregnant  rats  wen'  ovarieetomized  on  day  12  of 
gc'station  and  injected  twice  daily  with  various  doses  of  estradiol  and  progesterone. 
Relaxin  was  injected  in  a  beeswa.x-oil  .suspension  and  admini.stered  on  days  12,  14,  Hi, 
and  18  of  pregnancy  in  one  set  of  experiments,  or  from  days  17  through  19  of  gestation 
■n  a  second  group  of  experiments.  All  pregnant,  ovarieetomized  animals  were  killed  on 
day  20  of  gestation,  i.e.,  12  to  Hi  hours  aftc'r  tin'  last  injection  of  the  hormones. 

Measure  of  Dilatabilitg  and  Tensile  Strength  of  the  Cervix 

Each  animal  was  killed  with  etlu'r,  weighed  and  the  uterine  <'ervix  rc'inovi'd  with  two 
inci.sions,  one  above  the  connective  tissue  ring  separating  the  cervix  from  the  uterus 
and  the  other  ju.st  below  tin'  junction  of  the  cervix  with  the  vagina.  The  tissue  was 
quickly  trimmed  and  weighed  to  the  nean'st  0.1  mg.  on  a  torsion  balance  and  moistened 
with  a  few  drops  of  0.85%  .saliin'  solution.  Two  stainless  stet'l  S-hooks  were  inserted 
through  a  single  cervical  ('anal  and  the  ti-ssue  was  placc'd  on  the  ai)paratus  dei)ict('d  in 
Figure  1. 

With  the  after-load  screw  (A)  of  tin'  apparatus  (Fig.  1)  set  t(»  im|)('de  lever  mov('- 
ment  the  cervix  was  insc'iH'd  by  nn'ans  of  pin-hooks  onto  tin'  mu.scle  clamp  and  lever 
arm  (H  and  R').  Slack  was  taken  up  by  the  adjusting  clam|)  ((').  Tin'  timer  (I))  was 
"tartc'd  5  seconds  before  “time  zc'ro  ’’  and  during  this  time  the  weight  i)an  (E)  was  liftt'd 
off  the  hook  (E'y  At  “time  zero  ”  the  afterload  screw  (A)  was  reh'ased  and  45  s('eonds 
later  the  “zero  load’’  reading  was  obtaiiu'd  from  the  rule  (F).  At  this  time  the  weight 
pan  (E)  which  weighed  18  gm.  was  placc'd  on  the  hook  (F/)  and  at  oin'  minutt'  and  45 
s('conds,  the  ri'ading  with  the  pan  included  in  the  systc'in  was  n'conh'd.  During  the 
next  15  second  inH'rval  the  pan  was  removc'd,  the  valiu'  for  the  unload('d  system  was 
recorded,  the  pan  replaced,  and  a  10  gm.  h'ad  weight  was  ad(h'd  to  the  system.  'I'lirough- 
out  this  period  tlie  tissue  was  moist('ned  with  saline.  The  j)roc('dur('  was  contimn'd  until 
the  cervix  broke  or  until  a  minimum  of  900  gm.  had  Im'C'ii  add('d,  depi'inling  on  whichevi'r 
occurred  first. 

The  length  of  travel  of  tin'  lever  arm  was  at  all  times  limitc'd  from  3.0  cm.  abov('  the 
horizontal  to  3.0  cm.  below  tin'  horizontal.  In  this  manner,  the  apparent  shift  of  the 
\ eight  pan  toward  the  fulcrum  ((1)  as  tin'  lever  travers('d  an  approximate  1.5°  are  did  not 
produce  an  error  in  dilatability  or  stn'tch  of  more'  than  2-4% . 

^  The  relaxin  (Releasin  powder  No.  \V1H)4.V,  Lot  00)  and  the  In'cswax-oil  mixture' 
•5%  beeswax  in  peanut  oil.  Res|X)sitory  Injc'ction  Placebo  No.  W1104-9P,  Lot  000) 
vere  kindly  supplied  b\'  Dr.  Robert  L.  Kroc,  Warner-C’hih'ott  Res('arch  Laboratories, 
lorris  Plains,  N.  J.  The  preparation  was  assayed  against  the  reference  standard 
Warner-Chilcott)  by  Dr.  Kroc  and  was  found  to  contain  1.50  (IPE  per  mg.  of  powder. 
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Fic.  1.  Apparatus  for  incasurciuoiit  of  dilation  and  tensile  streiiKtli  of  the  uterine  (an  vix. 

If  it  became  necessary  to  reset  tin*  lev(‘r  to  a  new  “z(‘ro-j)oint’'  dnrint!;  an  exi)eriinent, 
it  was  done  dnriiif;  the  lo  second  interval,  after  recording!;  “loadc'd”  and  “unloaded” 
r(‘adinns.  This  was  done  siin|)ly  hy  raising  hook  “H”  hy  means  of  adjnstinn  clamp 
A  new  “zero-poipt”  readin>>;  (loaded  and  nidoaded  values)  was  then  obtained  before 
plaeinn  tin*  next  10  f<m.  wc'ifiht  on  the  i)an. 

The  unit  weight  from  which  e(‘rvieal  dilatability  was  ealenlated  was  ehos(‘n  arbitrarily 
nsiiiff  the  followint!;  criteria:  (a)  Measurement  of  dilation  should  not  include  readings  ob¬ 
tained  at  “time  zc'ro”  as  these  readinjjs  arc*  in  some  instances  inaccurate  due  to  the 
rapidity  of  travel  of  tin*  lever  arm,  and  (b)  since  the  upper  limit  of  the  measurement 
must  be  obtained  before*  the  tissue*  rupture*s,  it  shendel  be*  se*t  hew  enetugh  tee  ine*luele*  tissue*s 
whie*h  have*  a  hew  te*nsile*  stre*ngth.  I’sing  these*  crite*ria,  it  was  ele*e*iele*el  afte*r  pre*liminary 
e*x|)e‘rime*nts  that  the*  me*asure*  eef  elilatiem  .sheeulel  be*  maele*  be*twe*e*n  the*  “zeree-peeint”  re*ael- 
ing  e»f  the*  le*ve*r  anel  the*  re*aeling  e)btaine*d  afte*r  the*  IS  gm.  jean  anel  feeur  10  gm.  we*ights 
have*  be*e*n  adele*el  te»  the*  system.  He*ne*e*,  e*e*rvie*al  elilatieen  was  ete*te*rmine*el  fremi  value's 
re*e*orele*el  within  the*  first  six  minute's  etf  e*ae*h  e*xi)e*rime*nt,  afte*r  .5S  gm.  hael  be*e*n  aelele*el  to 
the*  syste'in.  .Sine*e*  the*  le'ver  ratiee  e»f  the*  ajeparatus  was  10:1  elilatability  was  cale*ulate*d 
as  feilleews: 

cm.  stre'tch  X 100 

mm.  elilatability  i)(*r  100  gm.  weight  = 

Te'iisile*  stre*ngth  was  cah*ulate*d  as  the*  we*ight  (gm.)  ne‘e*e*ssary  tee  bre*ak  1.0  mg.  e>i 
e*e*rvie*al  tissue*  in  a  100  gm.  rat  (gm.  mg.  e*e*rvix  100  gm.  beeely  weight).  It  sheeulel  be 
pe)inte*el  emt  that  the*  value's  feu*  ten.sile*  stre*ngth  as  e*xpre*sse*el  in  the*se*  e*xi)e*rime*nts  are  met 
the*  true*  te'iisile*  stre*ngth  etf  the*  e*e*rvix  but  an  e*xpre*ssiem  of  the*  te*nacity  eif  the*  tissue 
Since*  te'iisile*  stre*ngth  is  by  ele*finitiem  feire-e*  per  unit  are*a  anel  euir  value's  are*  e'xjire'sse'il  a- 
fore'c  pe*r  unit  weight,  it  is  eibvious  that  the*  twei  are*  re*latoil  insofar  as  the*  are*a  anel  we‘i 
we'ight  eif  the*  e*e*rvi.x  are*  relate*el.  Furthermore*,  since*  iiei  effort  was  maele  tei  ceuiipare 
elifft*re*nt  tissues  but  emly  to  ge*t  e*enn])arative*  value's,  we*  fe*e*l  that  this  tyjie*  eif  measure 
iiieiit  is  valiel. 
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Fi(i.  2.  Dilatahility  of  tlic  utcriiu'  cervix  of  tlic  rat  (luriiifj  tlic  cstrous  cycle,  {restation 
and  the  (“arly  post-partum  pc'riod.  'I'lie  dotted  curve  (...)  represents  tlie  dilatal)ility 
of  tlu'  cervix  of  tlie  rat  in  wliicli  delivery  had  not  <»r  was  i)r('vented  from  occurrin*;. 

Mcaaiii-e  of  CoUagoi 

l-stimation  of  collajren  of  tlie  cm  vix  was  iierforined  by  ineasureineiit  of  the  amount  of 
hydroxyproline  of  tin*  tissiu'  after  drvin}>;  in  vnrnn  at  ()()°  ('.  I'he  dried  eervici's  wen* 
Kiinind  in  an  aerate  mortar  and  jicstle  to  a  coarse  ixiwder.  Since  tlu'  dry  weights  ranged 
lietween  2  and  20  mu.,  several  were  usually  pooled  to  make  iij)  the  recpiired  20  to  oO  mj!;. 
'ample  to  he  analyzi'd.  Kaidi  sample  was  then  hydrolyzed  in  a  sealed  {>;lass  culturi*  tube 
tofrether  with  1.0  ml.  of  0  X  HCl  in  an  oven  for  li  to  o  hours  at  13S°  {’  aecordin{>;  to  the 
method  of  Li'vem*  and  dross  (14).  The  hydrolysate  was  then  filtered  and  dilutcMl  to  25 
ml.  with  distilled  water.  The  estimation  of  the  hydroxyiiroline  content  of  the  hydrolyzed 
tissues  was  carried  out  by  the  method  of  Xeuman  and  Logan  (15,  10)  and  read  in  a 
!\lett  colorimeter  at  540  m^i.  'I'he  determination  is  based  upon  a  color  developed  by 
1  complex  formed  between  ])yrrole-2-carboxylie  acid  and  i)-dimethyl-aminobenzald('hyd(“ 
!’cr  cent  collagen  in  tlu'  analyzed  tissue  was  calculated  from  the  following  e<piation: 

100  Jig  hvdroxvproline  in  1.0  ml.  final  dilution 

Per  cent  collagen  in  tissue  =  X  '.  ^ -  ,  .  - r  .vr 

15.5  xft  "ct  tissue  reinesentcd  in  1.0  ml.  final  ailntion 


UKSU1/1> 

Dilation  of  the  uterine  cervix  during;  the  estrous  cycle  varied  from  1.7S 
n.  during  diestrus  to  1.4")  nun.  during  estrou.s  (Fig.  2).  During  pregnancy 
he  dilation  increased  steadily  from  a  value  of  1.44  mm.  on  day  12  of  gesta- 
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TaBLK  1.  C'HAXCES  1\  the  WEICHT,  water  content,  and  COLLACiEN  OF  THE  CTERINE 
CERVIX  OF  THE  RAT  HI  RING  THE  RErRODCCTIVE  CYCLE 


Stagf  of 
cycle 

No.  of 
nits 

('ervical 

1  weight  (ing.) 

Water 

cprvix 

('ollagen — 
cervix 

ing.  Percent 

W<>t 

(S.K.M.) 

1  )ry 

Percent  (S.H.M.i  ' 

1  )icstrus 

5 

;u  .2  ± 

.1.2:1 

0.4 

70.1 

.07 

a.o 

*».s 

Kstrus 

5 

41  .()  ± 

4.74 

0.0 

78.1 

.42 

a.o 

W/A 

I’rcgnaiicv 

12  <1. 

5 

2'.> .  2  + 

1  .:47 

.1 .  .1 

81  .2 

.70 

1  .7 

5 . 7 

14  (1. 

5 

40.  a  + 

4.18 

7  2 

82 . 2 

.44 

Mi  (1. 

o 

,i2 . 1  ± 

2 . 40 

0.2 

82 . 4 

.:{() 

18  <1. 

o 

8a.ti  + 

11.12 

14. .1 

82.8 

.00 

-  .  4 

0 .  (> 

2(1  <1. 

5 

8(t .  r,  ± 

14.(i(i 

li..! 

82 .  .1 

.  (>7 

•4  1 

21  (1. 

5 

8.1 .  .1  ± 

(i.tif 

1 4  .  .1 

82.2 

..1.1 

0 . 4 

»>  .  A 

22  (1. 

5 

1  I4.7± 

2.:io 

21  .a 

81  ..1 

.42 

I’arturitioii 

22  (1. 

5 

142.0  ± 

2a.  (it) 

2a.  0 

82 . 8 

.:{o 

2.S 

Post  Partuin 

()  hr. 

5 

1  1 1  .4  ± 

ia.4o 

la.o 

8a.  0 

.48 

12  hr. 

5 

1U).()± 

8 .  tiO 

18.0 

81 . 1 

.70 

m  m 

24  hr. 

5 

oa.o  + 

4.22 

la.  1 

70.  a 

.24  f 

0 . 0 

() .  r> 

48  hr. 

5 

(il  .  1  ± 

.1.00 

12..i 

70.4 

.ai , 

tion  to  (),2()  nim.  in  the  “preparturient”  rat  (day  22,  undelivered).  Durinp; 
delivery,  tlie  extensilnlity  increased  to  an  average  value  of  14. IS  inm.,  and 
within  12  hours  post-partum,  the  value  decreased  to  3.12  mm.  and  re¬ 
mained  unchanged  at  4S  hours  post-partum. 

Cervical  weight  during  this  period  (Tal)le  1)  increased  from  30-40  mg. 
during  the  estrous  cycle  to  aliout  140  mg.  at  parturition.  Within  48  hours 
post-partum,  the  weight  of  the  cervix  decreased  to  01  mg.  The  weight  in¬ 
crease  during  pregnancy  seemed  to  l)e  a  function  of  hoth  an  increase  in  dry 
weight  and  an  increase  in  per  cent  water.  If  dilation  of  the  cervix  is  calcu- 
late<l  in  terms  of  mm.  stretch  per  unit  weight  of  cervix  (Fig.  3),  the  values 
range  from  0.2')  mm.  to  0.30  mm.  under  all  conditions  except  during  and 
immediately  after  delivery  (dilation,  0.71  mm.  and  0.4S  mm.,  respectively) 
and  during  estrus  and  the  early  post-partum  period  (0.10  mm.  and  0.10 
mm.,  respectively). 

Values  for  the  tensile  strength  of  the  cervix  measured  as  grams  force  per 
mg.  percent  wet  weight  of  the  tissue,  were  78.0  gm.  during  diestrus  ami 
.■)4.1  gm.  during  estrus  (Fig.  4).  Tensile  strength  decreased  during  preg¬ 
nancy  from  32.0  gm,  on  day  12  to  4.1  gm.  at  parturition.  Within  48  hours 
after  delivery,  the  tensile  strength  was  observed  to  lie  about  20  gm.  Percent 
collagen  (as  measured  by  the  hydroxypioline  content  of  the  tissue)  was 
observed  to  decrease  in  a  fashion  similar  to  that  observed  for  the  tensile 
strength,  but  the  collagen  content  per  cervix  was  observed  to  increase 
throughout  pregnancy  and  during  the  post-partum  period  (Fig.  o). 

In  rats  ovariectomized  on  day  12  of  gestation  and  treated  with  various 
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Fig.  5.  ('ollancMi  coiitciit  of  the  uterine  eervix  of  tlie  rat. 

coinhinations  of  the  ovarian  liormones,  treatment  x\itli  progesterone  alone 
resulted  in  cervical  dilation  of  1.<S2  mm.  (Fig.  ()).  The  survival  of  fetuses  in 
the.se  rats  was  72%.  Wei^lit  and  water  content  of  the  cervix  were  :17.2  nifj;. 
and  80.9%,  respectively  (Table  2).  The  addition  of  estradiol  to  the  pro¬ 
gesterone  regimen  re.sulted  in  optimum  maintenance  of  ge.station  (90^ 
survival  or  greater)  and  a  slight  increase  in  extensibility  (as  the  estrogen; 
progestogen  ratio  was  increased),  as  well  as  an  increase  in  weight  and  water 
content  (Table  2,  Fig.  0).  Concomitant  administration  of  estradiol,  pro¬ 
gesterone  and  relaxin  resulted  in  changes  in  the  cervix  Avhich  approxi¬ 
mated  tho.se  observed  just  prior  to  or  during  delivery  in  the  normal  animal. 
Dilatability  was  ob.served  to  be  7.80  mm.  in  experimental  rats  which  did 
not  deliver  spontaneously,  and  12. .‘12  mm.  in  rats  which  did  prematurely 
deliver.  Cervical  weight  increased  to  about  100  mg.  and  contained  about 
87%  water. 

Measures  of  ten.sile  .strength  of  the  cervices  of  castrated,  pregnant  rats 
yielded  the  following  results  (Tal)le  2) :  With  proge.sterone  alone  the  ten.sile 
strength  was  .5)1.4  gm.  The  addition  of  estradiol  caused  a  <lecrea.se  in  tensile 
strength  to  10.8  gm.,  this  value  was  observed  with  the  highest  ratio  of 
estrogen: progestogen  used  in  these  experiments,  i.e.,  1  :.')(K)0.  Concomitant 
administration  of  all  three  hormones  resulted  in  a  decrea.se  in  tensile 
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Fio.  ().  l*;tT('ct  of  ostradiol,  pronostcroiu'  and  rclaxiii  on  cervical  dilatahility. 


Tabi.k  2.  Thk  kkfkcts  of  tiik  ovahiax  iiok.\io\f;s  on  wFaoiiT.  watkk,  coi,i,A(iK\  and 
tensii.f;  strenoth  of  the  fterine  cervix  of  the  rat 
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•iulit  (111(5.) 

Wall 
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(’ollageii 

Tensile 

Strength 

Treatment  No.  of 

rats 

Wet 

(S.K.M.) 

Dry  Percent  (S.E.M.) 

mg. 

Percent 

gm.* 

(.0.E..M.) 

i;  !•  R 

2—6 

.17.2 

1 .68 

7.1 

80.0 

.87 

3.2 

8.6 

.54.3 

11.5 

.12  5 

41.7 

1.60 

7.9 

81.1 

.46 

3.4 

8.1 

30.5 

5.0 

.2  1  5 

60.4 

4.20 

10.0 

81.0 

.54 

4.5 

7.6 

10.8 

1 .6 

2  r  5 

64.6 

6.80 

10.7 

a3.4 

.20 

3.0 

6.0 

11.0 

1 .7 

1  2  r  5 

91.7 

12.10 

12.6 

84.3 

.52 

4.9 

5.4 

6.1 

0.2 

2  1  r'  7 

09.(1 

7.40 

13.4 

86.0 

.71 

3.8 

3.8 

3.6 

0.3 

Partiim  5 

142. *1 

23.60 

23.0 

8;i.8 

.30 

3.0 

2.8 

4.1 

0.7 

hats  oearieetomized  dav  12 
Hi.  18:r'  2.‘>0  (iPK  R.'laxi 

of  gestation.  K — Mg 

Estradiol:  P  mg. 

Progesterone;  r 

2.50  (ilT 

Relaxin,  days  12,  14, 

n.  days  1 

7,  18,  19;  autopsy  da> 

20  (»f  gestation. 

i;  P  R 

—  —  0 

8.(1 

0.78 

1.0 

76.3 

1 . 13 

1 .0 

12.0 

122.5 

13.7 

1  —  —  5 

:«.2 

1.67 

7  2 

78.5 

.  52 

2.6 

7.9 

38.0 

2  7 

1  -  r  .5 

46.1 

2.45 

8.0 

80.6 

.10 

16.6 

0.8 

2  1  -  4 

35.0 

0.60 

7.4 

70.3 

.50 

2.5 

7 

33.2 

3.0 

2  1  r'  5 

46.2 

1.27 

7.9 

82.0 

.24 

2.1 

4.5 

11.3 

1.2 

'at8  ovariectomized.  E-1:  1.0  Estradiol;  r  5(K)  CIPU  Relaxin  days  6  and  8  of  treatment;  autopsy  day  0.  E-.2: 
•  2  Mg  Estradiol  and  1.0  mg.  Progesterone  per  day  for  7  days  after  priming  with  1.0  mR  Estradiol  for  5  days;  r'  5(H) 
*PU  Relaxin  on  last  two  days  of  treatment. 


gm. mg.  cervix/KK)  gm.  btxly  weight. 
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strength  to  values  similar  to  those  observed  during  parturition  in  normal 
rats.  The  amount  of  collagen  in  the  uterine  cervix  was  observed  to  be  be¬ 
tween  7  and  9%  in  pregnant  rats  treated  with  only  the  ovarian  steroids. 
The  addition  of  relaxin  to  the  steroid  regimen  resulted  in  a  decrease  in 
collagen  to  d  to  (3^^  of  the  wet  tissue. 

Treatment  of  ovariectomized  rats  with  estradiol  resulted  in  an  increase 
in  weight  and  water  content  of  the  cervix  (Table  2)  but  no  appreciable 
change  in  dilatability  (Fig.  (>).  Injection  of  progesterone  with  estradiol  had 
no  effect  at  the  dose  levels  used.  Long  term  treatment  with  estradiol  cyclo- 
pentylpropionate  (1*X"P),  or  IX’P  and  2.0  mg.  progesterone  for  21  days 
produced  results  similar  to  that  obtained  with  the  shorter  treatment.  The 
addition  of  relaxin  to  the  steroid  regimen  resulted  in  an  increase  in  weight, 
water  content  and  dilatability  l)ut  the  magnitude  of  the  changes  were  not 
as  great  as  those  observed  in  the  pregnant  rats.  Tensile  strength  and  col¬ 
lagen  content  of  the  cervices  of  ovariectomized  rats  (Table  2)  were  ob¬ 
served  to  be  about  120  gm.  and  12^^,,  respectively.  Treatment  with 
estradiol  reduced  these  values  to  about  40  gm.  and  S%,  respectively.  Pro¬ 
gesterone,  at  the  dose  levels  used  had  no  significant  effect,  but  the  addition 
of  relaxin  to  the  combined  steroid  regimen  resulted  in  values  which  approxi¬ 
mated  those  observed  in  normal  pregnant  rats  prior  to  delivery. 

DISCUSSION* 

Dilatability  and  Size  of  the  ('ervix 

The  present  results  on  the  dilatability  of  the  uterine  cervix  of  the  intact 
rat  show  a  slight  drop  from  diestrus  to  estrus  and  a  progressive  increase  in 
dilation  during  the  course  of  gestation.  This  increase  culminates  in  a  peak 
at  the  time  of  delivery  and  returns  to  preparturient  values  within  24  hours. 
These  results  confirm  earlier  investigations  of  a  similar  nature  (4,  9).  Re¬ 
calculation  of  these  data  in  terms  of  dilatation  per  unit  weight  of  dry 
cervix,  however,  yield  two  interesting  points: 

(1)  The  increase  in  dilatability  which  occurs  throughout  gestation  and 
in  the  undelivered,  pregnant  rat  may  be  in  part  a  function  of  the  size  of  the 
cervix,  since  dilation  per  unit  weight  of  cervix  remains  remarkably  con¬ 
stant  during  this  period  (F'ig.  3).  Comparison  of  intact  rats  during  gesta¬ 
tion  with  experimental  animals  (Fig.  7)  shows,  however,  that  relaxin, 
administered  to  non-pregnant  and  pregnant  rats  caused  an  increase  in  both 
wet  weight  and  dilatability  per  mg.  dry  tissue.  Thus,  the  increase  in  dila¬ 
tion  due  to  the  action  of  relaxin  may  be  a  result  of  both  an  increase  in 
cervical  dimensions  as  suggested  by  Cullen  and  Harkness  (12),  and  a 
direct  effect  of  relaxin  on  the  cervix,  possibly  on  the  integrity  of  the  con¬ 
nective  tissue  framework.  That  a  rise  in  dilatability  per  unit  weight  cervix 
as  not  observed  in  the  intact  rat  during  pregnancy  may  merely  be  due  to 
the  inadequacy  of  the  measurements  or  the  possibility  that  the  effect  due 
to  the  increase  in  the  mass  of  the  cervix  overshadowed  the  other  effect. 
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Fig.  7.  Dihitahility  and  .size  of  tin*  uterino  cervi.x  of  tho  normal  pregnant  rat,  cas- 
trattnl  rat  tn>ato<l  with  p.stradiol,  proRPstprone  and  rplaxin  and  thp  prpunant.  pastratpd 
r;it  trpatpd  with  pwtradiol,  i)roKP.st('ronp  and  rclaxin. 

(2)  A  decrease  in  dilation  per  ms-  cervix,  noted  during  estrus  and  at  12 
Itours  post-partiim,  may  be  a  function  of  the  presence  of  increased  amounts 
of  e.strogen.  (In  many  mammals,  there  occurs  a  characteristic  post-partum 
<trus  soon  after  delivery.)  In  the  ovariectomized  rat,  it  was  observed  that 
’reatment  with  estradiol  caused  an  increase  in  cervical  size  from  about  2 
•tg.  to  7  mg.  dry  weight,  but  this  increa.se  was  not  reflected  in  ati  increa.se 
f  .similar  magnitude  in  dilatability.  Hence,  dilation  per  unit  weight  cervix 
’ecreased  from  about  O.o  mm.  to  0.2  mm.  after  treatment  with  estrogen,  a 
lienomenon  similar  to  that  observed  in  the  normal  rat  (17)  and  sow  (IS). 

The  discrepancy  betv.een  the  cervical  dilation  seen  in  the  castrated 
regnant  rat  treated  with  estradiol,  progesterone  and  relaxin  and  the  nor- 
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mal  pref>:naiit  rat  at  parturition  i.s  explainable  on  the  basis  of  increased 
(lilatability  due  to  passage  of  young  through  the  cervical  canal.  If  normal 
pregnant  rats  are  divided  into  two  groups  and  dilatability  measured  on  day 
22  of  pregnancy  but  prior  to  delivery  in  the  first  group  and  during  delivery 
in  the  second  group,  values  of  0  mm.  cervical  dilation  is  obtaine<l  in  the 
first  group  and  14  mm.  in  the  second  group.  Hence  it  is  not  too  surprising 
that  hormone  treatment  alone  gave  a  maximum  dilation  of  only  (S  mm. 
However,  passage  of  paraffin  rods  through  the  cervical  canal  of  intact 
pregnant  rats  prior  to  delivery  increased  the  <lilatability  of  the  cervix  from 
()  mm.  prior  to  passage  to  12  mm.,  a  value  comparable  to  that  seen  at  a 
normal  parturition.  It  may  be  presumed,  therefore,  that  the  extensibility 
observed  during  delivery  is  in  part  due  to  physical  effects  induced  by  the 
fetuses  in  transit  through  the  cervical  canal. 

In  no  case  could  the  degree  of  extensibility  of  the  cervix  observed  during 
the  20th  to  22nd  day  of  gestation  be  reproduced  in  the  ovariectomized, 
non-pregnant  rat  treated  with  any  of  the  combinations  of  the  ovarian  hor¬ 
mones.  This  may  be  a  con.sequence  of  the  inability  of  the  treatment  to 
achieve  maximum  cervical  .size.  However,  in  gonadectomized,  pregnant 
rats  treated  with  the  ovarian  steroids,  the  addition  of  relaxin  resulted  in  an 
increase  in  extensibility  of  the  cervix  which  resembled  that  observed  just 
prior  to  delivery.  In  several  instances  (Fig.  0)  rats  treated  with  the  three 
hormones  were  ob.served  to  deliver  prior  to  autopsy  on  day  20  of  gestation, 
in  the.se  cases,  cervical  dilation  was  measured  at  about  12  mm.  This  value 
is  comparable  to  that  observed  in  tlie  normal  rat  during  delivery  and  tends 
to  .substantiate  the  pre.sumption  that  the  increase  in  dilatability  observed 
during  parturition  is  due  to  pre.ssure  of  the  fetuses  upon  the  cervix. 

Thus,  in  the  normal  course  of  gestation  and  parturition  in  the  rat,  the 
increase  in  extensibility  of  the  uterine  cervix  seems  to  be  a  function  of  in¬ 
creased  cervical  growth,  increased  dilatability  per  unit  weight  of  tis.sue  and 
pressure  on  the  cervix  during  the  act  of  delivery.  The  action  of  estrogen  was 
seen  in  terms  of  growth  of  the  tissue  which  apparently  resulted  in  little  to 
no  increa.se  in  total  dilatability,  and  hence  a  decrea.se  in  dilation  per  unit 
weight  cervix.  Progesterone,  at  the  dose  levels  u.sed  had  little  to  no  effect, 
but  relaxin,  in  combination  with  both  steroids  cau.sed  the  greatest  increa.se 
in  extensibility  per  unit  weight  tissue  and  in  growth,  both  actions  resulting 
in  an  over-all  rise  in  extensibility  of  the  cervix. 

Tensile  Strength,  ('ollagen  and  Water 

The  present  data  .suggest  that  a  relation  may  exist  between  the  tensile 
.strength  of  the  cervix  and  the  percent  of  connective  tissue  present.  These 
data  confirm  .similar  observations  by  (hillen  and  Harkness  (12).  In  the 
intact  gestating  rat,  there  was  ob.served  a  concomitant  decrease  in  both 
ten.sile  strength  and  in  relative  collagen  content.  Under  the  influence  of 
estrogen,  both  in  the  non-pregnant  and  protestogen  treated  pregnant. 
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’■onadocloinizod  rat,  liMisilr  sln'iiiilli  and  ixMccid  collajiJMi  (U'crc'asc'd  in  a 
oniarkaidy  consistont  fashion.  Similarly,  after  IrealiiK'nl  with  relaxin, 
loth  in  protest ogon  and  estrogen-progestogen  treated  animals,  a  further 
jecrease  in  tensile  strength  and  eollageii  content  was  oh.served,  the  greatest 
hanges  occurring  in  the  latter  group.  The  fact  that  the  changes  in  tensile 
nength  parallel  closely  the  changes  in  collagen  and  that  the  hormones 
hich  affect  one  affect  the  other  similarly  strongly  suggest  that  the  col- 
igen  content  of  the  cervix  may,  in  part,  he  a  determining  factor  of  the 
ensile  strength  of  that  ti.ssue. 

Measurements  of  percent  water  of  the  uterine  cervix  of  intact  rats  show 
11  increase  from  7S%  during  estrus  to  about  S:f%  at  parturition.  The.se 
hanges  were  repioduced  in  pregnant  and  non-pregnant  rats  only  by  com- 
I  illations  of  all  three  of  the  ovarian  hormones.  The  increase  in  water  con- 
icnt  of  the  rat  cervix  after  injection  of  relaxin  is  similar  to  that  reported  in 
I  he  uterus  of  the  rat  and  the  cervix  of  the  sow  after  similar  treatment  (IS, 
1!)). 

From  the  present  series  of  experiments,  it  appears  that  the  “softening” 
of  the  uterine  cervix  which  occurs  after  treatment  with  relaxin  is  primarily 
due  to  a  decrease  in  relative  collagen  content  of  that  ti.ssue  coupled  with  an 
increase  in  water  content.  These  changes  might  logically  result  in  a  decrease 
ill  ten.sile  strength.  The  increa.se  in  dilatability  observed  after  treatment 
with  relaxin  may  be  a  result  of  an  increase  in  cervical  .size  (which  includes 
that  of  the  collagen  framework)  and  in  addition,  an  increa.se  in  the  ex- 
(en.sibility  per  unit  weight,  the  latter  perhaps  a  reflection  of  the  decrease  in 
percent  collagen  of  the  tissue.  The  effects  observed  after  estrogen  treat¬ 
ment  may  result  from  a  differential  growth  rate  which  causes  an  increase  in 
cervical  size  not  matched  by  an  increase  of  similar  magnitude  in  the  dimen¬ 
sions  of  the  collagen  framework.  Thus,  although  the  percent  connective 
tissue  decreases  with  a  concomitant  decrease  in  ten.sile  strength,  the  con¬ 
nective  tissue  framework  remains  unchanged  and  so  dilatability  is  limited. 
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ABSTKACT 

Changes  in  the  endogenous  respiration  of  testicular  tissue  following  an 
injury  are  poorly  understoo<l.  A  nonspecific  rise  in  the  Qo,  of  injured  testicular 
tissue  has  been  rejajrted  in  the  literature.  This  study  was  conducted  to  deter¬ 
mine  the  possible  role  of  pituitary  in  the  testicular  Qo.,  changes.  Hypo])hy- 
sectoniy  was  found  to  have  no  effect  on  the  te.sticular  Qo,-  X-irradiation 
sharply  increased  the  Qoj.  This  increase,  however,  could  be  i)revente(l  by 
hypophysectoiny.  A  reversal  of  the  hypophysectomy  effect  on  the  Qo.^  in  x- 
irradiated  testes  was  i)roduced  by  gonadotrophin  tn'atnient.  Also  a  rise  in 
Qoj  of  testes  from  hypoj)hysectomized  animals  was  produced  by  gonado¬ 
trophin  treatment.  On  the  other  hand,  treatment  of  intact  animals  with  gonado¬ 
trophins  did  not  produce  any  changes  in  the  testicular  Corndations  of  tin* 
vari(»us  experimental  states  with  the  testicular  histology  and  the  endogenous 
resjnration  of  the  tissue  suggested  that  the  changes  in  (^.i,  an*  related  to  the 
levels  of  i)ituitary  gonadotrophins. 

The  endogenous  respiration  (Qo,)  of  normal  rat  testicular  ti.ssue 
remains  constant  after  the  animal  reaches  maturity  (1).  Following  an 
injury  to  the  testes  of  an  adult  rat  the  Q(»,  of  the  testicular  tissue  ri.ses  as 
^liown  for  the  cryptorchid  testes  by  Tepperman  et  <il.  (2),  and  nitrofuran 
treated  or  x-irradiated  testes  by  Featherstone  et  al.  (:i).  Featherstone  et  eil. 
'W)  concluded  that  the  rise  of  Qo,  is  related  to  absence  of  the  more  mature 
types  of  the  germinal  epithelium  cells  from  the  damaged  testes.  Tepperman 
et  al.  (2)  on  the  other  hand,  .suggested  that  the  disturbed  ratio  of  the 
germinal  epithelium  to  the  Leydig  cells  is  respon.sible  for  the  changes 
'u  Qoj. 

X-irradiated  or  cryptorchid  testes,  both  having  high  rate  of  oxygen 
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uptake,  are  composed  essentially  of  Sertoli  and  l.eydi^;  (‘(‘lls  ami  connectiv(' 
tissue.  Since  the  Leydig  ••ells  are  tinder  pituitary  control  it  was  of  interest 
to  investigate  the  role  of  pituitary  and  gonadotrophins  in  the  endogenous 
respiration  of  the  rat  testicular  tissue. 

MATERIALS  AXI)  METHODS 

.\<lult  male  Sprague  Dawley  rats  (200-240  gin.)  were  enijjloyed  tliroughout  tlie  study. 
The  animals  reeeived  standard  lat)orat(»ry  rat  food  and  tap  water  nd  libitum.  Hypojjliy- 
seetoniized  rats,  jiurehased  from  the  Hormone  .\ssay  Lahoratorit's  ((’liieago,  111.),  re 
eeived  a  suiiplement  consisting  of  raw  horse  meat  and  fresh  oranges. 

X-irradiation; 

.Viumals,  anesthetized  with  l.P.  administered  Nembutal,  were  i)laeed  in  lead  shiehb 
which  allowed  oidy  the  .scrotum  and  testes  to  be  e.\j)osed  to  radiation.  Following  radia¬ 
tion  factors  were  used:  KVP  -200,  .M.V--2.0,  HVL  -0.7  mm.  (Ti.,  total  filter  0.25  mm 
('u.  i)lus  1  mm.  .\1.  cone  size  2.5 X 2.5  cm.,  distance—  2S  cm.,  R,  .M  142.1,  dose  time 
4'13',  total  “R”  -OOO,  technique — local  to  scrotum  with  one  sheet  of  baekseatter. 

Determination  of  endogenous  respiration: 

The  testes  were  removed  from  rats  under  ether  anesthesia  and  weighed  on  a  Itoller- 
Smith  torsion  balance.  The  tunica  albuginea  and  blood  vessels  were  strijiped.  The  tes¬ 
ticular  tissue  was  jdaeed  on  chilled  watch  glass  and  (piiekly  divided  into  several  portions. 
.\bout  120  mg.  was  weighed  with  an  accuracy  of  ±0.1  mg.  and  placed  immediately  into 
a  chilled  Warburg  ves.sel  containing  2  ml.  of  buffer  ( Krebs-Ringer  jihosphate,  0.01. M. 
pH  7.4).  In  the  vessels  the  tubules  were  gently  teased  ajiart  with  fine  needles.  .\  portion 
<»f  testicular  tissue  was  fi.xed  in  Bonin’s  solution  for  histological  study  and  one  portion 
was  dried  in  a  100°  (’  oven  to  constant  weight.  The  Warburg  vessels  containing  te.sticular 
tissue  were  attached  to  the  Warburg  ajiparatus.  The  wat<‘r  bath  was  maintained  at 
37.2°  ('.  The  oscillations  were  set  at  1 10  per  minute  with  amiditude  of  2  cm.  .V  1,5-minutc 
e()uilibration  period  was  allowed  and  then  the  rate  t)f  oxygen  con.sumjdion  (the  gas  phase 
being  air)  was  determined  at  15  minute  intervals  for  1  or  2  hours.  The  Qoj  was  expressed 
as  microliters  of  Oo  per  hour  per  mg.  of  dry  weight  of  tissue.  The  techniejue  emiiloyetl 
was  standard  asdescribed  by Finbreit  cf  o/..  “Manometrie  techni(|ues”  3rd  edition  (1957). 
Burgess  Publishing  ('o.,  Minneapolis. 

(lona<lotrophin  injections: 

Two  gonadotrophin  preparations  were  employed,  .Vrmour  pituitary  gonadotrophin 
(FSH),  and  .VPL  (chori(»nie  gonadotrophin),  .Vnimals  were  injected  daily  for  20  day> 
with  2  units  of  FSH  and  25  units  of  .VPL. 

Histological  preparation  of  tissues: 

The  Bonin’s  fixed  tissues  were  embedded  in  paraffin,  cut  at  5  micra  and  stained  with 
the  P.VS— hematoxylin  techni(iue. 


E.XPER1.MENTAI. 

Klfecl  of  x-irradiation 

(Iroups  of  intact  animals  were  .sacrificed  at  time  intervals  of  ‘20,  80,  V. 
and  00  days  after  x-irradiation.  At  all  time  intervals  Qo,  of  testicula 
ti.ssue  from  x-irradiated  animals  was  .significantly  higher  than  that  of  tli 
controls.  The  Qo,  values  decreased  progre.ssively  with  time  post-irradiatioi 
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Fig.  1.  Testis  from  a  rat  sacrificed  30  days  after  x-irradiatioii.  Note  ahsi'iiee  of 
ncrminal  epithelium  cells  and  intact  ajipearint!;  Leydif;  cells.  X320. 

Fig.  2.  Testis  from  a  rat  sacrificed  33  days  aftc'r  hyiiophyseetomy.  Note  atroiihie 
l.eydifi  cells  and  arrest  of  siiermatoKcnesis  at  the  stas<‘  <>f  younfi;  sjiermathls.  X320. 

Fig.  3.  Testes  from  a  hypophyseetomized  and  .\-irradiated  rat  sacrificed  30  days 
after  .\-irradiation.  Note  absence  of  the  germinal  eiiithelium  and  Leydif?  cells.  X320. 

Fig.  4.  Testes  from  a  hypophyseetomized  and  x-irradiated  rat  treated  with  fjon- 
.idotrophins.  Note  absence  of  germinal  epithelium  and  hyi)(>rtro])hy  of  Leydiji  cells 
X320. 


liowever,  all  values  up  to  OR  days  after  irradiation  remained  well  above 
tliose  of  normal  controls  (Fig.  5). 

Histological  studies  of  the  testicular  ti.ssue  revealed  at  all  time  intervals 
complete  absence  of  the  fjerminal  epithelium  and  intact  appearing  Sertoli 
.ind  Leydig  cells  (Fig.  1). 


'ifect  of  hypophysectornij 

Hypophyseetomized  rats  were  x-irradiated  R  days  after  the  operation, 
uoups  of  animals  were  sacrificed  at  20,  RO,  and  4R  days  after  the  irradia- 
on;  control  groups  of  hypophyseetomized  but  not  irradiated  animals  were 
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Encircled  figures  denote  no.  of  onimols 
I  Slondord  deviotion  of  the  mean 


P'lG.  5.  Effect  of  x-irradiatioii  on 
testicular  Qoj. 


sacrificed  concomitantly  (23,  33,  and  43  days  after  hypophysectomy). 
Results  of  these  studies  are  summarized  in  Figure  6.  There  was  no  signifi¬ 
cant  difference  between  the  respiration  of  testicular  tissue  from  intact 
controls  and  from  hypophysectomized  animals.  Hypophysectomj',  how¬ 
ever,  completely  abolished  the  increase  in  Qo.^  of  te.sticular  tissue  from 
x-irradiated  animals.  Microscopic  study  of  testes  from  hypophy.sectomized 
animals  revealed  atrophy  of  the  Leydig  cells  and  spermatogenic  arrest  at 
the  stage  of  primary  spermatocytes  (Fig.  2).  The  hypoplu'sectomized 
x-irradiated  testes  showed,  in  addition  to  the  absence  of  germinal  epithe¬ 
lium,  atrophy  of  the  Leydig  cells  (Fig.  3). 


Effect  of  gonadotrophins 

A  group  of  hypophysectomized  animals  received  20  daily  injections  of 
gonadotrophins  (both,  FSII  and  APL)  starting  on  the  23rd  day  after  .sur¬ 
gery  ;  the  animals  were  sacrificed  following  the  completion  of  gonadotrophin 


P’lG.  6.  Effect  of  x-irraciiatioii  and  liypoph- 
ysectomy  on  testicular  Qo,. 
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eatment.  A  group  of  hypophysectomized  rats  was  x-irradiated  on  the  3rd 
ly  after  the  operation  and  started  on  20  daily  injections  of  gonadotrophins 
t  days  after  hypophysectomy.  These  animals  were  also  sacrificed  following 
)mpletion  of  the  gonadotrophin  treatment.  A  group  of  intact  rats  was 
eated  with  20  daily  injections  of  gonadotrophins  and  sacrificed  on  day  21. 
lie  data  from  this  experiment  are  summarized  in  Table  1.  Treatment  with 
,  madotrophins  did  not  change  the  Qo,  of  the  te.sticular  tissue  from  intact 
(  iitrols  but  produced  a  .significant  elevation  of  the  endogenous  respiration 
(  ’<0.001)  in  hypophysectomized  rats.  Microscopic  study  of  the  testes 
f  )m  both  groups  of  animals  revealed  good  spermatogenesis  and  numerous 
1  \vdig  cells.  Treatment  of  hypophysectomized  and  x-irradiated  rats  with 
g  madotrophins  rai.sed  the  Qc,  well  above  that  of  normal,  hypophysecto- 
li.ized,  or  hypophysectomized  and  x-irradiated  animals.  Histological  study 
0^  the  te.stes  from  hypophy.sectomized  x-irradiated  and  gonadotrophin 
ti eated  animals  revealed  reappearance  of  a  large  number  of  Leydig  cells 
while  the  seminiferous  tubules  remained  devoid  of  germinal  elements  con¬ 
taining  only  Sertoli  cells  (Fig.  4). 

DISCUSSION' 

A  study  of  the  metaliolism  of  testicular  tissue  poses  several  serious 
difficulties  to  the  investigator.  First,  the  testis  is  an  organ  composed  of  two 
basically  different  types  of  tissue,  the  germinal  epithelium,  an  exocrine 
organ,  and  the  Leydig  cells,  an  endocrine  organ.  Fach  is  probably  under 
control  of  a  different  trophic  hormone.  A  change  in  the  availability  of  the 
respective  hormones  has  a  profound  effect  on  the  composition  as  well  as 
metabolic  activity  of  the  testicular  tissue.  Con.sequently  a  change  in  the 
net  metabolic  pattern  may  be  the  result  of  changes  in  metabolic  activity  of 
the  various  cells  per  se,  changes  in  the  cellular  compo.sition,  or  both.  Results 
obtained  from  a  study  of  re.spiratory  activity  in  vitro  has  to  be  interpreted 
in  the  light  of  al)ove  de.scribed  relationships  as  well  as  in  light  of  the  fact 
that  it  only  provides  a  rough  indication  of  the  algebraic  sum  of  a  variety 
of  metabolic  activities  in  the  te.sticular  ti.s.sue. 


Tablk  I.  Effkct  of  HYPOPHVSKCTOMY  A.M)  gonadotkophin  trkatmknt  on 
TKSTICULAR  Qoj  OF  NORMAL  ANU  X-IRRADIATED  RATS 


Normal 

animals 

Normal 

animals  - 
20  days 
gonadotropin 
treatment 

Hypophysectomized 
animals  + 

20  days 

gonadotropin 

treatment 

Hypophysectomized 
animals  • 

sacrificed  on  the 

43rd  day 

Hypophysectomized 
x-irradiated 
animals  ** 

Hypophysectomized 
x-irradiated  and 
gonadotropin 
treated  animals*** 

u 

# 

4,3+0.07 

4.2+0. 1 

5, 5+0.2 

4.5+0.13 

3.4f0.  11 

5, 2+0. 3 

2 

(47) 

(10) 

(16) 

^  (li)  _ 

_ ^  (10)  ^ 

^  (7) 

i  _ 

p 

0.001  P  0 

1  1 

001  P  0.01  P  0.001 

_ 1 _ [ _ 

Parentheses  denote  number  of  animals, 
f  Mean  -f  standard  deviation  of  the  mean. 

*  Gonadotropin  treatment  started  23  days  after  hypophysectomy. 

**  Hypophysectomised  3  days  prior  to  x«irradiation,  sacrificed  40  days  after  x«irradiation. 
***  Hypophysectomy  and  x-irradiation  as  above,  gonadotropin  treatment  for  the  last  20  days. 
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Tlie  ability  of  testicular  tissue  to  utilize  in  vitro  added  substrates  like 
glucose,  pyruvate  and  oxalacetate  appears  to  be  well  correlated  with  the 
presence  of  an  intact  germinal  epithelium  moiety  (2,  3,  4).  The  changes  in 
endogenous  respiration  of  testicular  tissue  (oxygen  consumption  without 
added  substrate)  under  various  physiologic  and  experimental  conditions 
remain,  however,  poorly  understood,  l^arly  studies  (1)  indicated  that  the 
(Jo,  of  testicular  tissue  from  immature  animals  is  high,  drops  gradually  with 
age  and  once  the  animal  attains  full  sexual  maturity  it  persists  at  the 
lower  level  essentially  unchange<l  throughout  the  mature  life  of  the  animal. 
This  observation  was  later  confirmed  by  Tepperman  c/  a/.  (2).  Damage  to 
the  testicular  germinal  epithelium  of  a  mature  animal  produces  a  marked 
rise  of  its  (J,,,  (2,  3).  However,  according  to  Schuler  (5)  the  endogenous 
respiration  of  testes  from  hypophy.sectomized  rats  (from  2  to  10  weeks 
after  hypophysectomy)  is  not  significantly  different  from  that  of  normal 
testicular  tissue.  Featherstone  et  <iL  (3)  on  the  other  hand  indicate  that  it  is 
increased  10  days  after  hypophysectomy  and  remains  high  up  to  the  40th 
day.  In  our  experiments  no  significant  increase  was  observed  for  periods 
from  23  to  43  days  after  hypophysectomy.  Xo  explanation  for  this  discrep¬ 
ancy  can  be  offered  at  this  time.  However,  the  rise  in  (Jo,  of  testicular  tissue 
from  x-irradiated  animals  reported  by  Featherstone  et  at.  (3)  was  confirmed 
in  our  studies.  An  adecpiate  explanation  for  the  rise  in  endogenous  respira¬ 
tion  of  damaged  testicular  tissue  is  not  available.  Tepperman  et  al-  (2) 
suggested,  “In  this  report  the  hypothesis  is  developed  that  a  low  oxygen 
uptake  ...  is  a  characteristic  of  the  germinal  component  of  the  testis  .  .  . 
as  the  cells  of  the  seminiferous  tubule.s  grow  .  .  .  their  distinctive  metabo¬ 
lism  obscures  the  metabolic  pattern  of  the  non-germinal  elements.” 
Tepperman  in  this  paper  suggests  that  the  germinal  epithelium  has  iidier- 
ent  low,  while  the  Leydig  cells  inherently  high  Qoj.  Discussing  the  high  (Jo, 
of  crypt  orchid  rat  testes  he  .suggests  that  in  cryptorchid  testis  with  an 
atrophic  germinal  epithelium  the  ratio  of  germinal  epithelium  cells  to 
Leydig  cells  changes  markedly  in  favor  of  the  later  and  in  this  fashion 
“unmasks”  the  high  respiratory  activity  of  the  interstitial  cells.  Although, 
results  reported  in  our  paper,  showing  that  the  Q,,,  of  testis  with  absent 
germinal  epithelium  but  essentially  intact  Leydig  cells,  is  elevated,  seem  to 
support  Tepperman’s  hypothesis  they  also  suggest  the  pre.senceof  a  differ¬ 
ent  or  additional  mechanism.  It  is  known  that  x-irradiation  of  testes  affects 
the  pituitary  cytology  and  gonadotrophin  content  ((>,  7).  The  results 
reported  here  show  that  the  increase  in  testicular  (J,,„  following  x-irradia¬ 
tion  can  be  prevented  by  hypophysectomy,  while  treatment  of  hypophy¬ 
.sectomized  and  x-irradiated  animals  with  gonadotrophins  brings  the  (Jo 
back  up.  Histological  study  of  the  testicular  tissue  reveals  that  in  all  three 
instances  (x-irra<lialion,  x-irradiation  plus  hypophysectomy,  and  x-irradia¬ 
tion  plus  hypophy.sectomy  plus  gonadotrophins)  the  seminiferous  tubules 
are  devoid  of  germinal  epithelium;  in  x-irradiated  testes,  however,  there  is 
abundance  of  Leydig  cells,  in  hypophysectomized  plus  x-irradiated  testes 
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tlio  liCydiji  colls  an'  atr()i)lii<‘  and  in  x-irradialod  |)lns  liy|)o|)liysocl<»ini/od 
plus  (Gonadotrophin  (roatod  I  ho  la'vdifi  colls  aro  pn‘s<'nl  in  laifjio  nuinhors. 
These  I’olalionships  sugnost  that  the  ituToasod  is  related  to  the  presence 
>f  the  LeydifG  cells,  and  the  ability  of  Leydig  cells  to  chanjGe  their  Qo,  is 
ipparently  controlled  by  the  gonadotrophins.  Since  we  have  used  simiil- 
'aneously  both  chorionic  gonadotrophin  and  FSll,  it  can  not  be  stated  at 
vhis  time  whether  both  hormones  are  essential. 

Further  evidence  showing  that  “dilution”  is  not  the  main  factor  in  the 
oioduction  of  Qo,  changes  is  provided  by  the  following  comparison.  The 
increase  in  Qoj  of  cryptorchid  testis  over  normal  varies  from  about  24%  to 
1)0%  (2),  of  x-irradiated  over  normal  about  S()%.  In  both  instances  the 
estes  have  no  germinal  epithelium.  The  Qo,  of  testis  in  spermatogenic 
arrest  due  to  nitrofurans  is  S0%  over  normal  (;i).  The  histological  picture  of 
these  testes  reveals  that  a  large  number  of  germinal  epithelium  cells  is  .still 
present  in  the  tubules  (S)  thus  the  “dilution”  factor  should  either  prevent 
an  increase  in  Qo,  or  at  least  make  the  rise  considerably  less  pronounced. 
'This  is  not  the  case;  actually  testes  from  nitrofuran  treated  animals  show  a 
greater  per  cent  increase  of  Qo,  than  the  cryptorchid  testes.  On  the  other 
hand,  testes  from  hypophysectomized  rats  treated  with  gonadotrophins 
'howed  an  increased  Qo,  in  the  face  of  e.ssentially  normal  spermatogenesis. 

The  observation  that  in  x-irradiated  testes  the  originally  very  high  Qo, 
changes  with  the  length  of  time  after  radiation  while  the  composition  of  the 
tubules  remains  constant  (complete  absence  of  germinal  epithelium)  could 
he  interpreted  as  providing  support  for  the  hypothesis  that  the  changes  in 
the  Qo,  are  probably  under  gonadotrophic  control.  It  has  been  shown  by 
Hildebrand  d  al.  (D)  that  following  castration  in  addition  to  an  absolute 
increase  in  the  pituitary  gonadotrophins  there  is  first  an  increase  in  FSll 
followed  by  fall  in  this  activity  and  a  rise  in  ICSIl  activity.  Thus  if  similar 
changes  occur  in  the  pituitary  of  rats  with  testicular  atrophy  due  to 
x-irradiation  the  changes  in  Qo,  could  possibly  be  related  to  FSll  activity. 
Studies  using  purified  gonadotrophins  will  be  necessary  to  answer  this 
([uestion. 
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THE  HYPERGLYCEMIC’  ACTION  OF  GLUCAGON  AS 
INFLUENCED  BY  LIVER  GLYCOGEN  CONCEN¬ 
TRATION,  THE  PANCREAS,  THE  ADRENALS 
AND  THE  PITUITARY  IN  THE  BABOON 
{PAP  10  VRSIXVS) 

JEAN  M.  TYBEHGIIEIN‘ 

Department  of  Dhysiologi/  and  Joint  C.S.I .R.  ' University  Xutrition  Research  Unit, 
University  of  the  W'itivatersrand,  Johannesburg,  Union  of  South  Africa 

ABSTRAC T 

C’rvstallim*  kIucu^oii  was  injoetod  intrav<*n(»usly  into  a  series  of  14  intact 
baboons.  The  hypernlyeeinie  n*sponse  was  different  from  one  individual  to 
the  other  but  remained  similar  in  the  same  individual. 

The  inve.stination  of  factors  which  could  be  responsible  for  this  inter- 
itnlividual  variation  led  to  the  following  observations: 

1 .  There  was  a  parallelism  between  the  degree  of  hyperglycemia  and  the  con¬ 
centration  of  liver  glycogen  only  when  this  concentration  was  below  1%. 

At  higher  concentrations  this  parallelism  no  longer  existed. 

2.  The  ablation  of  the  pancreas  led  to  an  enhancement  of  the  hypergly¬ 
cemic  response  to  glucagon  in  the  absence  of  exogenous  insulin.  When  the 
diabetes  was  controlled  by  insulin,  the  rc'sponse  was  not  different  from  that 
seen  in  the  intact  animal. 

3.  'I'he  ablation  of  the  pituitary  or  of  the  adrenals  led  to  a  decrease  in  the 
hyp(*rglycemic  respjmsi'. 

4.  Th(“  concentration  of  glycog(“n  in  the  liver  of  the  pancreatectomized, 
adrenalectomizetl  and  hyi)oi)hysectomized  baboons  was  much  above 
1%.  The  effect  produced  by  the.se  endocrine  ablations  on  the  hyper¬ 
glycemic  respons«>  seemed  thus  to  be  independent  of  the  he])atic  glycogen 
concentration. 

These  observations  indicated  that  the  degree  of  hyperglycemia  caused  by 
the  injection  of  glucagon  could  be  <lependent  not  only  on  the  concentration 
of  hepatic  glycogen  but  also  on  the  extent  of  participation  of  each  endocrine 
gland  in  metabolism,  which  it  was  suggested  varied  from  animal  to  animal. 

Glucagon  cau.ses  a  transient  rise  in  blood  {rluco.se  concentration 
The  minimal  do.se  that  is  required  to  produce  this  effect  depends  oi 
.such  factors  as  route  of  administration,  nutritional  .status  and  mainly  oi 
the  sensitivity  of  the  animal  species  (1,  2,  8,  4). 

In  a  preliminary  note  (5)  dealing  with  the  glucagon  .sensitivity  of  tic 
l)aboon  it  was  reported  that  the  intravenous  injection  of  15  /ag  per  kg 
body  weight  caused  an  increase  in  blood  gluco.se  of  108  mg.%.  When  late 
on  the  .same  do.se  was  injected  in  a  greater  number  of  baboons  it  became 

Received  November  30,  19(50. 

*  Present  addre.ss:  Dr.  J.  Tyljerghein,  D4partement  M<^dical,  .\.  Christiaens  S.  A.,  6(; 
rue  de  I’Ktuve.  Bruxelles  1,  Belgique. 


312 


Aiigimt,  1!>61 


CU  C'ACJOX  HYI’KIUILYC’H.MIA 


313 


ipparent  that  there  was  a  fj;reat  variation  in  response  from  one  individual 
to  the  otlier  while  in  the  same  individual  the  response  remained  similar  on 
I'epetition  of  the  test  on  suhsetpient  occasions.  Such  an  inter-individual 
/ariation  has  been  reported  also  in  other  animal  species  (ti,  7)  as  well  as 
n  man  (8,  9).  The  present  work  deals  with  the  investigation  of  factors 
Ahich  may  l)e  responsible  for  the  inter-individual  variation  of  the  hyper¬ 
glycemic  response  observed  in  the  liaboons  after  the  administration  of 
ducagoii. 


MATERIAL  AND  METHODS 

(Jlucagon  Lilly  (lot  Xo.  258-234- H-54-2)*  was  injected  intravenously  into  baboons 
Papio  ursinus)  at  a  dose  level  of  15  per  kg./bo<ly  weight.  The  age  of  the  baboons  was 
letween  4  and  17  years  and  their  weight  between  1 1  and  22  kg. 

Blood  was  drawn  from  the  anteeubital  vein  of  the  unanesthetizc'd  animal.  One  or  two 
•amples  were  taken  ladore  the  injection  of  glucagon  and  one  samjjle  10,  20,  30,  40,  60,  80 
.iiid  100  minutes  thereaft(‘r.  (llucose  in  the  blood  was  det«‘rmine<l  by  the  method  of 
Vnthanail  (10).  The  glucagon  test  was  i)erformed  first  in  7  intact  baboons  4  hours  post- 
orandially.  In  4  of  these  animals  the  test  was  reiieated  several  weeks  later.  The  test  was 
further  performed  in  another  7  intact  baboons  in  which  in  addition  a  needle  biopsy  of  the 
liver  was  taken  at  the  end  of  the  test.  The  bioi)sy  was  analyzed  for  glycogen  by  the 
method  of  Carroll  et  al.  (11).  In  4  of  these  baboons  the  test  and  liver  biopsy  were  repeated 
a  second  time  after  48  hours  fast. 

Five  pancreatectomized,  fourhyi)oi)hysectomized  and  three  adrenalectomized  baboons 
were  svd)jected  to  (tne  or  more  glucagon  tests  after  complete  ref'overy  from  surgery.  Four 
tests  were  done  in  diabetic  animals  maintained  on  insulin  and  four  other  tests  were  done 
in  diabetic  animals  that  had  received  no  insulin  for  two  days.  The  hyi)oi)hysectomized 
baboons  n'ceived  no  n'placennmt  therai)y.  In  the  grouj)  of  adrenalectomised  baboons, 
one  was  maintained  on  DC.\  alone,  a  second  one  on  DC.V  i)lus  25  mg.  hydrocortisone 
•  laily,  a  third  on  1)C’.\  plus  25  mg.  cortisone  daily  prior  to  one  test  and  on  I)C.\  plus 
50  mg.  cortisone  daily  prior  to  a  si'cond  test. 

RESULTS  AND  DISCUSSION 

When  glucagon  was  injected  into  intact  baboons,  taken  in  similar  ex- 
lierimental  conditions,  the  degree  of  hyperglycemia  produced,  as  seen  in 
Table  1,  was  not  identical  in  all  animals,  but  it  remained  almost  unchanged 
when  on  a  sub.sequent  occasion  the  test  was  repeated  in  the  same  indi- 
idual.  It  was  not  possible  to  establish  a  correlation  between  the  degree 
of  hyperglycemia  on  the  one  side  and  the  initial  blood  glucose  level,  the 
weight  of  the  baboons  or  their  age  on  the  other. 

This  observation  prompted  an  investigation  into  the  factors  respon.sible 
"or  the  inter-individual  variation  in  the  hyperglycemic  response  to  gluca¬ 
gon. 

It  is  known  that  glucagon  stimulates  the  reactivation  of  liver  phosphor- 
lase  (12,  18)  and  thus  controls  the  first  step  in  the  enzymatic  breakdown 
tf  glycogen  to  glucose.  It  was  conceivable  that  the  magnitude  of  hyper- 
dycemia  caused  by  glucagon  was  related  to  the  amount  of  available  sub- 

*  Kindly  supplied  by  Dr.  O.  Behrens  of  the  Kli  Lilly  Researeh  Laboratories. 
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strate.  The  possibility  of  sueli  a  relationship  has  been  suggested  by  otliei^ 
(1,  2,  t),  7,  9)  Imt  not  demonstrated.  It  tluis  became  necessary  to  ascertain 
whether  in  l)al)oons  tlie  extent  of  tlie  hyperglycemia  was  related  to  the 
hepatic  glycogen  concentration.  Therefore  glucagon  was  injected  and  the 
degree  of  rise  in  blood  glucose  was  compared  with  the  concentration  of 
hepatic  glycogen  in  each  individual  baboon.  In  addition,  in  order  to  create 
greater  variations  of  this  last  parameter  the  test  was  repeated  in  some  of 
the  animals  after  a  4S  hour  fast. 

It  is  seen  from  the  results  given  in  Tables  2  and  d  that  there  is  a  correla¬ 
tion  between  the  degree  of  hyperglycemia  and  the  concentration  of  hepatic 
glycogen  for  concentrations  below  1%  but  that  for  concentrations  of 
or  higher  this  correlation  no  longer  exists.  These  results  indicate  that  tla* 
hyperglycemic  response  to  glucagon  is  lowered  when  the  amount  of  glyco¬ 
gen  is  decreased,  thus  confirming  the  suggestion  made  by  others,  but  these 
results  also  indicate  that  the  extent  of  the  hyperglycemic  response  cannot 
any  more  consistently  be  predicted  when  the  amount  of  liver  glycogen 
exceeds  a  certain  limit.  Obviously  over  and  above  the  concentration  of 
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;epati(*  glycogen  other  factors  are  involved  in  contributing  to  the  inter- 
I'ldividual  variation  in  the  hyperlgycemic  response  to  glucagon. 

The  pancreas,  the  pituitary  and  the  adrenals  are  known  to  play  an 
important  role  in  the  regulation  of  the  blood  glucose  concentration.  The 
])ossibility  was  entertained  that  the  rise  in  blood  glucose  following  the 
injection  of  glucagon  into  the  intact  baboon  was  either  enhanced  or 
antagonized  depending  on  the  extent  of  participation  of  each  one  of  these 
glands  in  metabolism.  The  hyperglycemic  response  to  glucagon  is  altered 
in  diabetes  mellitus  or  after  pancreatectomy  (2,  0,  14,  lo,  lb,  17,  18,  19), 
in  Addison’s  disease  or  after  adrenalectomy  (1,  17)  after  hypophysectomy 
(20),  after  treatment  with  epinephrine  (21),  with  ACTII  (7)  or  with  certain 
steroids  (9,  22,  28).  In  most  of  the  above  studies  it  was  assumed  but  not 
demonstrated  that  the  altered  glucagon  response  was  the  indirect  conse- 
(pience  of  changes  in  hepatic  glycogen  concentration  resulting  from  the 
functional  disorders  of  the  endocrine  glands  or  from  the  administration 
of  hormones.  In  addition  the  results  reported  by  different  authors  were 
not  always  consistent.  It  was  thus  necessary  to  re-evaluate  the  influence 
of  the  pancreas,  the  adrenals  and  the  pituitary  on  the  hyperglycemia 
caused  by  glucagon  in  the  baboon  and  to  ascertain  whether  or  not  thii- 
influence  was  mediated  through  changes  in  liver  glycogen  concentration. 

In  order  to  assess  the  influence  of  the  pancreas  and  more  specificalh 
that  of  insulin,  glucagon  was  injected  into  pancreatectomized  baboons 
cither  in  the  presence  or  in  the  absence  of  exogenous  insulin.  It  is  evident 
from  the  results  given  in  Table  4  that  the  degree  of  rise  in  blood  glucose 
after  the  injection  of  glucagon  in  the  pancreatectomized  baboon  is  not  dif- 


Table  4.  (iLrcAGON  tolerante  test  and  liver  glycogen  (oncentration 

IN  PANCREATECTOMIZED  BABOONS  MAINTAINED  ON  INSULIN 
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to  reach 
maximum 
level 

i<lpDtificatiou  ^ 
No. 

Initial  : 

level 

Maximum  I 
level  1 

.Mi.s'olute  1 
increase  i 

404  ! 

122  1 

i  250 

108  i 

5.4 

50 

475  1 

123 

1  200 

75 

0.7 

20 

402 

88 

i  105 

107 

0.0 

20 

504  1 

78 

1  148 

i  70  i 

— 
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I.I.N  WITHDRAW  Al. 

Baboon's 

Blood  glucose  ing. 

rr 

/c 

biver  glvcogcai 

% 

'I'iine  (min. 
to  reach 
maximum 
level 

identification 

No. 

Initia 

level 

1  .Maxiinnni 

level 

481 

870 

100.') 

220 

8.0 

00 

4I)_' 

880 

lOO'J 

172 

40 

:fit4 

(iOO 

784 

128 

2 .  .■) 

00 

010 

1040 

180 

o- 

00 

ferent  from  that  observed  in  tlie  intact  baboon  when  the  diabetes  is  con¬ 
trolled  by  insulin.  But  in  the  absence  of  insulin  the  response  is  completelx 
different;  as  seen  in  Table  o,  the  blood  glucose  level  continues  to  rise  for 
a  longer  period  of  time  and  the  absolute  increase  is  much  greater.  Further, 
Figure  1  shows  that  the  blood  glucose  h'vel  after  reaching  its  peak  decline> 
only  slowly  and  remains  much  above  the  pre-injection  level.  It  shows 
also,  that  the  pancreatectomized  baboon  maintained  on  in.sulin  is  in  hy¬ 
poglycemia  at  the  end  of  the  test.  This  hypoglycemia  is  probably  imh'- 
pendent  of  the  glucagon  injection  and  merely  related  to  the  fact  that  the 
maintenance  dose  of  insulin  by  then  had  reached  its  maximum  effect.  In 
the  .same  animal  a  decline  of  blood  glucose  concentration  has  been  ob¬ 
served  in  the  ab.sence  of  injected  glucagon.  Although  Figure  1  illustrates 
the  findings  of  one  baboon  only,  the  blood  sugar  curves  behaved  in  a 
similar  fashion  in  the  other  pancreatectomized  baboons  as  well. 

Finally  it  is  demonstrated  in  Tables  4  and  o  that  the  concentrations  of 


Fig.  1.  Increasi'  in  blood  kIucoso  ooncontration  after  the  I.V'.  injeetion  of  gliicaiiion, 

body  weiglit. 
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Hiilioon's 

Mlood  ^liH-o.-f  int(. 

% 

Liver  kK  (‘((({(‘ii 
% 

Time  (miii.i 
to  reaeh 
maximum 
level 

ideiititicatioii 

No. 

Initial 

level 

Maxinimn 

level 

Absolute 

increase 

»7!» 

irj 

M2 

20 

0.4 

20 

178 

8.T 

107 

»>o 

8.0 

80 

4i:{ 

78 

1 10 

82 

— 

20 

4:51 

no 

120 

80 

t  .  i 

10 

i  epatic  slvf'ogen  in  the  pancreateetoinized  baboons  are  soniewliat  liigher 
■  hen  they  are  maintained  on  insulin.  Tiiese  concentrations  are  liowever 
-till  in  the  same  range  as  those  observed  in  the  intact  baboons. 

It  is  thus  possible  to  conclude  that  insulin  prevents  glucagon  from  pro- 
cucing  its  maximum  effect  on  blood  glucose  concentration  and  this  effect 
i  -  not  mediated  via  changes  in  liver  glycogen  concentration. 

The  hyperglycemic  respon.se  to  glucagon  was  also  examined  in  hypo- 
phy.sectomized  and  in  adrenalectomized  baboons.  At  the  end  of  each  test, 
except  in  a  few  cases  where  the  puncture  of  the  liver  was  unsuccessful, 
the  concentration  of  glycogen  in  the  liver  was  determined.  The  results  are 
given  in  Tables  (i  and  7  and  indicate  that  in  hypophysectomized  baboons 
the  hyperglycemic  response  is  low  despite  the  fact  that  the  hepatic  glyco¬ 
gen  concentration  was  much  higher  than  in  some  normal  baboons  which 
gave  a  marked  hyperglycemic  response.  A  similar  observation  was  made 
in  the  adrenalectomized  baboons,  except  in  the  one  case  where  the  adrenal- 
tomised  animal  had  been  pre-treated  with  large  doses  of  cortisone. 

It  is  evident  from  the.se  .studies,  though  conducted  in  a  re.stricted  number 
of  animals,  that  the  adrenals  and  the  pituitary  are  capable  of  modifying 
the  rise  in  blood  glucose  concentration  caused  by  the  injection  of  glucagon, 
an  effect  which  appears  to  be  independent  on  the  concentration  of  glycogen 
in  the  liver. 

Since  it  .seems  possible  that  the  glucagon  hyperglycemia  depends  on  the 
functional  status  of  the  endocrine  glands,  the  glucagon  tolerance  test  could 
become  an  additional  way  of  evaluating  in  a  particular  individual  the  func- 


Table  7.  (JncAiiox  tolerance  test  and  liver  glycogen 

IN  ADRENALE(’TOMIZEI)  BABOONS 


Balloon’s  ! 

1 

Blood  glueose  ing.  % 

Liver  l 

Time  (min.) 
to  reaeh 
maximum 
level 

identiHeation  i 
No. 
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level 

.Maximum' 
level  1 

Absolute  ! 
inereast*  j 

glyeogen  ' 
% 

871 

DCA 

70 

98 
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80 
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10 
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i  80 
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tioiial  intofJiralion  of  liis  (MidocriiK*  systoin.  I(  lias  previously  lieeii  suffjjcsted 
hy  (Jillnian  and  (lilherl  (21,  2.j)  llial  sucli  a  system  is  particular  and 
characteristic  for  each  animal.  This  particular  endocrine  confiK^iration  in 
turn  could  explain  at  least  partially  the  inter-individual  variation  in  the 
hyperglycemic  response  to  glucagon  on  the  one  hand  and  the  relative 
intra-individual  consistency  on  the  other. 

The  adrenals  and  the  pituatry  have  been  found  to  affect  liver  glucose-ti- 
phosphatase  activity  (20,  27).  It  is  possible  that  the  low  hyperghcemic 
response  observed  in  our  experiments  are  related  to  a  decrease  in  activity 
of  this  enzyme  following  the  ablation  of  the  pituitary  or  the  adrenals.  It 
is  hoped  to  verify  this  pos.sibility  experimentally. 
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THE  EFFIXT  OF  PROLACTIN  ON  SOME  PURINE 
METABOLIZING  ACTIVITIES^ 

PPAKASII  CHANDRA^  ANi)  IL  DAVID  COLL 

Department  of  Bioetiemistnj,  Vnivemitij  of  California,  Berkeley,  California 
AHSTRACT 

lIyp(»pliy(<i“ctoiniz(‘(l,  (Miplion'ctoinizcd  rats  were  inji'ctcMl  witli  prolactin  for 
two  weeks.  Comparisons  with  similar  rats  which  received  no  prolactin,  with 
normal  rats  and  with  rats  19-20  days  prcffiiant,  showed  that  jjrolactin  snp- 
pr(‘ssed  xanthine  oxidizing  activity,  and  that  the  suppression  was  more  pro¬ 
nounced  in  mammary  tissue  than  in  liver  tissue.  The  loss  in  xanthine  oxidizing 
activity  was  accompanied  hy  an  accumulation  of  nitrogen,  rihonucleic  acid, 
and  deoxyribonucleic  acid  in  the  mammary  Although  injections  of 

])rolactin  brought  the  .xanthine  oxidizing  activity  to  a  level  which  was  quite 
abnormal,  they  simply  maintained  the  normal  levels  of  adenosine  deaminating 
and  guanosine  phosjjhorylating  activities,  ])reventing  the  decrease  in  these 
activities  which  follows  hypophy.sectomy-oophorectomy. 

RIMD,  O’Neal  and  Lewiii  (1)  liave  reported  that  hypophyseetoniy  in 
the  rat  produces  an  increase  of  liver  xanthine  oxidizing  activity.  This 
finding  might  be  interpreted  as  indicating  the  pre.sence  in  the  pituitary 
gland  of  a  factor  which  suppre.sses  the  xanthine  oxidizing  activity.  That 
this  factor  is  not  growth  hormone,  thyrotropin  or  adrenocorticotropin  is 
apparent  from  the  experiments  of  Reid,  ct  al.  The  suggestion  that  prolactin 
might  be  such  a  factor  was  made  by  Chandra,  Mendiola  and  Cole  (2)  who 
showed  that  the  injection  of  prolactin  into  normal  pigeons  lowers  the 
xanthine  oxidizing  activity  of  liver  and  e.specially  of  crop  sac,  a  tis.sue 
whose  growth  is  particularly  sen.sitive  to  prolactin. 

The  earlier  work  was  pei'formed  on  normal  pigeons  but  it  is  clearly  de¬ 
sirable  to  test  the  effect  of  prolactin  on  xanthine  oxidizing  activity  in  ani¬ 
mals  more  comparable  to  those  used  by  Reid  el  al.  (1).  The  experiments 
discussed  below  were  therefore  carried  out  using  hypophysectomized  rats 
which  were  also  oophorectomized  in  order  to  control  the  endocrinological 
state  of  the  mammary  glands  which  were  to  be  studied.  The  effect  of  pro- 
I'lctin  on  the  xanthine  oxidizing  activity  of  the  mammary  gland  (which 
grows  little,  if  at  all,  in  rats  which  are  hypophy.sectomized,  oophorecto- 
mized  and  injected  with  prolactin  (d)),  was  compared  to  the  effect  of  the 
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hormone  on  the  enzymic  activity  in  the  liver  (which  loses  weight  inulei 
such  conditions)  in  order  to  determine  whether  the  effect  on  xanthine 
oxidizing  activity  is  a  general  secondary  effect  of  tissue  growth  or  is  a  some¬ 
what  more  direct  effect.  The  specificity  with  which  prolactin  effects  xan¬ 
thine  oxidizing  activity  was  tested  by  comparing  the  effect  on  this  activity 
with  the  effect  of  the  hormone  on  two  other  purine  metabolizing  activities, 
adenosine  deaminating  ami  guanosine  phosphorylating  activities. 

EXPERIMENTAL 

Animitls.  Tlu'  rats  used  were  fcinalos  of  the  LoiiK-Kvans  strain.  Four  groups  wero  used: 
(a)  Mornial  rats  agod  4.5-.i0  days,  (h)  j)r(*gnant  rats  (19-20  days  in  tlu'ir  first  j)r(‘gnancy), 
(c)  rats  hypophysoctomized  and  ooi)horoctomiz(*d  at  about  20  days  of  age  (and  sacriticeil 
at  about  40  days),  (d)  rats  which  were  hyi)ophysectoniized  and  oophorectomized  at 
al)out  2(5  days  of  ag<‘,  and  then  injected  once  daily  with  prolactin  (2  mg.  per  day)  for 
14  days.  The  |)rolactin  used  was  prepared  from  sheep  jrituitary  glands  by  the  method  of 
Cole  and  Li  (4).  and  was  estimated  to  contain  less  than  0.3%  adrenocorticotroirin  and 
2%  growth  hormone  assayed  by  the  method  of  Lyons  et  ul.  (.5). 

The  rats  were  fast(‘d  ovi'rnight  before  bi'ing  sacrificed,  and  were  killed  by  a  blow 
on  the  head.  The  six  abdomino-inguinal  mammary  glands  and  the  liver  wen*  remov<‘d 
(puckly  and  placed  in  ice-cold  0.2.5  .M  sncro.st*  solution,  .\fter  weighing,  the  tissue  was 
minced  with  scissors,  homogenize*!  in  a  glass  homogenizer  fitted  with  a  “Teflon”  pestle. 
The  suspension  was  dilut«“<l  with  colil  0.2.5  M  sucrose  to  give  a  1  : 10  tissue  suspension  an<l 
in  the  case  of  the  mammary  gla<l  the  suspension  was  strained  through  cheesecloth  to  re¬ 
move  c»)nnective  tissue.  Portions  of  this  susixMision  were  used  for  total  nitrogmi  and 
nuch'ic  acid  determinations. 

Chemical  Determinations.  'I'otal  nitrogen  was  determined  by  a  micro- Kjeldahl  i)rocedurc. 
The  deoxyribonucleic  acid  (I)X.\)  content  of  the  mammary  tissue  suspension  was  (h‘- 
termined  by  the  diphenylamine  reaction  of  Seibc'rt  ((5),  after  extracting  the  nucleic 
acid  from  2  ml.  of  the  tissue  sus|)(‘nsion  as  suggested  by  Schneider  (7).  The  diphenyl¬ 
amine  reaction  was  carried  out  under  the  conditions  described  by  (Ireenbanm  and 
Slater  (8).  Ribonuch'ic  acid  (HX.\)  was  measured  by  the  .\lbaum  and  Lmbreit  (9) 
modification  of  the  procedure  of  Mejbaum  (10). 

Dnzifme  .\ssays.  .Vdenosine  deaminating  activity  was  measurt'd  by  the  method  of 
Schindder  and  Hogeboctm  (11).  'I'he  j)rocedun'  follow***!  f*»r  the  assay  of  gnanosine  i)h*)s- 
ph*)rylating  activity  was  that  *tf  *le  l.,amirande,  .\llar*l  an*l  Canter*)  (12).  Kalckar’s 
m*'tho*l  (13)  was  used  to  d('termine  the  xanthine  oxidizing  activity. 

RESULTS 

An  increase  in  liver  xanthine  oxidizing  activity  following  hypophysec- 
toiny  was  reported  by  Heid,  et  al.  (1)  and  confirmed  in  the  pre.sent  work  on 
hypophysectomized,  oophorectomized  rats,  as  shown  in  Table  1.  The  in¬ 
crease  of  the  activity  in  liver  by  about  .50%  above  normal  was  accompanie  i 
by  a  doubling  of  the  activity  in  the  mammary  gland  following  hypophy.se*  - 
tomy  and  oophorectomy.  When  the  operated  animals  are  injected  wit  * 
prolactin,  however,  there  is  a  decrease  in  the  enzymic  activity  instead  of  a 
increase.  This  suppre.ssion  of  the  xanthine  oxidizing  activity  is  .similar  t 
that  found  after  injecting  prolactin  into  normal  pigeons  (2).  A  very  strikin 
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TaBI.E  1.  I-IfKECT  ok  I'KOI. ACTIN'  ON  NANTIIINE  OXIDIZINd  ACTIVITY 


No.  of 
animals 

.Mammary  tissue 

Liver 

Typi*  of  animal 

Weight  of 
ti8.sue^ 

-\deno8inet 

Deamination 

(luanosiiiet 

phosphorylation 

Xanthine  ! 
oxidation^ 

xanthine 

oxidationt 

Normal 

12 

1.47  +  0.84 

0.84  +  0.0.8^ 

16.811.2 

0.08  1  0.02  1 

8.110.8 

1  ypopliysectomizcd 
lopliorwtomizod 

111  1 

1..81±O.J4 

0.2810.08 

7. 2  ±9. 9 

0.1610.02 

4.710.5 

1  y  pophy  sec  t  om  i  zed 
tophorectomized 
’Ills  Prolactin  § 

1(1 

1.24  ±0.27 

0.5810.06 

28.(112.1 

nil 

2.410.2 

'regnant  (19  29  days) 

8 

4.4  +0.6 

i  1. 4010. 16 

16.01 1 .4 

9.19  +  9.94 

i  8.710.4 

*  Weight  (gill.)  of  six  abduiuino-inguinal  glands. 

t  substrate  destroyed  per  hour  per  gni.  tissue  ±  standard  error. 

i  /iinoles  uric  acid  formed  per  hour  per  gni.  tissue  ±  standard  error. 

$  2  mg.  prolactin  each  day  for  14  days. 

iinilarity  l)et\veen  tlie  work  with  pigeons  and  the  present  work  is  the  fact 
'hat  a  more  dramatic  suppression  of  tlie  activity  was  observed  in  the  pro¬ 
lactin-sensitive  tissues  (the  crop  sac  in  the  pigeon  aiul  tlie  mammary  gland 
111  the  rat)  than  in  the  liver. 

In  order  to  determine  how  specific  the  action  of  prolactin  is  for  the 
xanthine  oxidizing  activity,  two  other  enzymic  activities  were  assayed, 
adenosine  deaminating  and  guanosine  phosphorylating  activities.  In  Table 
1  data  are  presented  which  show  that  hypophysectomy  and  oophorectomy 
decrease  the  concentration  of  adenosine  deaminating  activity  a  small 
amount,  and  the  concentration  of  guanosine  phosphorylating  activity 
more  significantly.  The  injection  of  prolactin  prevents  this  drop  in  activities 
and  in  the  case  of  adenosine  deaminating  activity  increases  the  activity 
above  normal,  in  the  direction  of  the  level  found  in  the  well  developed 
mammary  gland  of  late  pregnancy.  However,  in  terms  of  the  total  activity 
found  in  the  six  mammary  glands  taken  from  each  animal,  the  effect  of 
injecting  prolactin  is  seen  to  be  little  more  than  the  maintenance  of  the 
normal  total  activity  of  the  glands.  Thus  although  adenosine  deaminating 
and  guanosine  phosphorylating  activities  are  responsive  to  injections  of 
prolactin,  the  hormone  seems  only  to  maintain  the  normal  amounts  of 
these  activities;  this  is  in  contrast  to  the  abnormally  low  levels  of  xan¬ 
thine  oxidizing  activity  produced  by  prolactin  injections. 


Table  2.  The  effect  of  pkolactin  on  (’onstitcents  of  hat  mammary  oland 


Type  of  rat 

NTimlier 
of  rats 

Nitrogen* 

Hilionucleic 
acid*  1 

1  Icoxyrilionucleic 
acid* 

Vormal 

12 

210+20 

20  +  7  ’ 

40  +  7 

'lypophyseetomized  ( U ) 
oophorectoinized  (O) 

m 

i:to  +  (i0 

10  +  1.') 

+  1.5 

t,  0,  injected  with 

prolactin  t 
’regnant 

10 

doo  +:t.') 

00  +20 

ll.5±  2 

i  « 

480  +20 

1  1.50+20 

140  ±  10 

*  Kxpressed  as  nin./|()0  gm.  wef  tissue  ± slaiidard  error, 
t  2  niK.  prolactin  e.aeli  day  for  H  days. 
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The  notion  tliat  the  ehanges  in  enzyniie  activities  actually  are  siffiiiHcant 
in  the  metabolism  of  the  mammary  Klaiul  was  tested  by  measuring  the 
depletion  or  accumulation  of  nitrogen,  RXA  and  DXA  of  the  animals  in 
various  endocrine  states.  Table  2  presents  the  results  of  these  analyses. 
Ilypoi)hysectomy  and  oophorectomy  appear  to  result  in  a  small  loss  of 
nitrogen,  RX.\  and  DXA  from  the  mammary  gland,  and  this  loss  can  be 
prevented  by  injections  of  prolactin  into  the  operated  animals.  Indeed,  the 
prolactin  raises  the  levels  of  these  three  constituents  above  the  normal 
levels  in  the  direction  of  values  found  in  the  mammary  gland  in  late  preg¬ 
nancy.  There  is,  then,  a  correlation  between  the  suppression  of  xanthine 
oxidizing  activity  and  the  accumulation  of  nucleic  acids. 

DISCUSSION 

The  xanthine  oxidizing  activity  has  been  shown  to  increase  following 
hypophysectomj'-oophorectomy  and  to  be  suppressed  when  prolactin  was 
injected  into  hypophysectomized-oophorectomized  rats.  These  results 
allow  an  explanation  of  the  findings  of  Reid,  et  al.  (1),  in  that  the  increase 
of  the  xanthine  oxidizing  activity  which  follows  hypophysectomy  is  seen 
to  be  at  least  partly  due  to  the  resulting  loss  of  prolactin.  The  notion  that 
the  suppression  is  directly  due  to  prolactin  itself,  rather  than  to  some  con¬ 
taminating  factor,  is  supported  by  the  observation  that  the  relative  tissue 
specificity  of  the  suppression  in  liver  and  mammary  gland  (as  well  as  in  the 
crop  sac  of  the  pigeon)  is  just  as  would  be  expected  from  the  usual  speci¬ 
ficity  of  the  hormone.  The  directness  of  the  action  of  the  hormone  was  fur¬ 
ther  supported  by  finding  that  two  other  purine-metabolizing  activities, 
which  were  shown  to  be  responsive  to  prolactin,  were  maintained  at  normal 
levels  while  the  xanthine  oxidizing  activity  was  uniipiely  changed  to  (piitc 
abnormal  levels  in  the  mammary  gland. 

While  the  relative  specificity  of  the  suppression  of  xanthine  oxidizing 
activity  for  hormone-sensitive  tissues  might  simply  represent  a  general 
response  of  ain  growing  tissue,  it  may  be  pointed  out  that  the  injection  of 
prolactin  by  itself  into  hypophysectomized-oophorectomized  rats  does  not 
cause  much  growth  of  the  mammary  gland  (8),  and  that  the  suppression  of 
xanthine  oxidizing  activity  in  the  liver  produced  by  administration  of  pro¬ 
lactin  to  hypophysectomized-oophorectomized  rats  occurs  in  the  face  of  a 
weight  loss  in  the  liver.  Furthermore,  it  is  clear  that  a  similar  explanation 
for  the  opposite  effect  (i.e.,  that  an  increase  of  xanthine  oxidizing  activity 
is  due  to  the  atrophy  of  tissue)  cannot  be  made,  since  growth  hormone  faih 
to  prevent  the  rise  of  the  enzymic  activity  which  occurs  in  the  liver  follow 
ing  hypophysectomy  (1)  even  though  it  maintains  the  weight  of  the  live 
following  the  operation  (14).  Therefore,  this  suppression  of  enzymic  ac 
tivity  by  prolactin  appears  to  be  a  more  direct  effect  of  the  hormone  that 
simply  a  general  result  of  the  growth  of  tissue. 
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AHSTRAC’T 

Th(‘  androgen  titer  of  the  peripheral  plasma  of  five  adult  hulls  has  been  fouml 
t<i  he  of  the  order  of  3.0  pg  per  100  ml.;  in  one  animal,  treatment  with  human 
chorionic  gonadotropin  (20,000  units  per  day  for  7  days)  did  not  change  this 
value.  Spermatic  venous  jdasma  of  the  adult  bull  (3  animals)  was  found  to 
range  from  7.S  to  17.7  Mlt  per  100  ml.;  prior  treatment  with  chorionic  gonado¬ 
tropin  (20,000  units  daily)  for  0  to  7  days  rais*‘d  the  si)ermatic  venous  plasma 
androgen  from  49.5  to  H5.0  /ig  j)er  100  ml.  (’hemical  analysis  revealed  testo¬ 
sterone  anil  androstenedione,  in  the  ratio  7  to  1 ,  to  he  the  major  androgenic  .sub¬ 
stances  i)re'sent  in  tlu‘  spcTinatic  venous  i)lasma  of  the  gonadotropin-treated  ani¬ 
mal.  17-Hydroxyi)rog('sterone  in  quantity  equivalent  to  that  of  the  latter  ster- 
oifl  was  also  isolated  from  the  spermatic  venous  blood.  The  significance  of  the 
ratio  of  ti'stosterone  to  androsteniHlione  in  the  testis  effluent,  which  is  greater 
than  1  in  the  case  of  the  adult  bull,  the  dog  and  the  human,  and  less  than  1  in 
the  young  bull,  the  stallion  and  the  rat,  is  discussed. 

The  first  investigation  of  tlie  nature  of  tlte  testis  aiKlroKen.s  was  carried 
out  in  1940  by  Danby  (1)  on  perfu.sed  bovine  glands.  Since  that  time 
testosterone  and  androstenedione  liave  been  characterized  in  the  effluent 
of  the  dog  testis  by  direct  cannulation  of  tlie  .spermatic  vein  in  vivo  (2,  3),  in 
the  .stallion  by  perfusion  of  the  gland  (4)  and  in  the  human  by  perfu.sion  (o) 
and  by  cannulation  of  the  vein  (0).  The  two  precursors  of  the.se  androgens, 
progesterone  and  17-hydroxyprogesterone  (7),  have  also  been  detected  in 
the  testis  perfu.sate  (4). 

The  present  study  was  undertaken  to  assess  by  means  of  both  bioa.s.say 
and  by  cliemical  characterization,  tlie  {jualitative  and  quantitative  nature 
of  the  androgens  of  bovine  testis  blood  under  gonadotropin  stimulation. 
While  tliis  work  was  in  progre.ss,  the  presence  of  both  compounds  in  the 
.spermatic  venous  blood  of  young  calv’es  and  adult  bulls  was  reported  (S) 
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'I’VHI.K  I.  ASDKiniKN  CONTKNT  OK  IIOVtNK  I’l.ASMA  ( K  \  PUKSSK I )  AS  TKSTOSTKKONK.) 


.\  III  ni.'i  1 

No. 

Tl'c.'il  liicht 

\'ciii 

t  'itr.alcd 
plasm.-i 
(ml.) 

.\nilrogcu 

Total 

iMgl 

content 

/.g  per  lt)t) 
ml.  i)lasma 

IIH-I 

nolu* 

jiigidar 

72t) 

:i(>.t) 

7 

HH-2 

jugular 

out) 

IS.l) 

3.1) 

35 

IIOIU^ 

jugular 

I2t)() 

25 . 4 

3.2 

i;h-35 

nont* 

jugular 

1  Hit) 

24.  t) 

3.1 

KH-35 

11. 

(7  days) 

jugular 

925 

18. t) 

2.9 

llH-1 

IIOIIO 

spermatic 

475 

55 . 5 

17.7 

llli-2 

IKIIK' 

spermatic 

1  1 45 

lilt) 

14.7 

llH-33 

noiu* 

spermat  ic 

I48t) 

78. t) 

7.8 

IIH-35 

II. 

(ti  days) 

spermatii' 

2t)t)l) 

1 12(l.t) 

85.1) 

3() 

ll.C.li.' 

((•  d.-iys) 

spermatic 

254t) 

n)7t).t) 

t)3.() 

FH-lfo 

II. 

(7  days) 

spermatic 

2:P.)I) 

79t).t) 

4'.) .  5 

‘  11. ('.<1.  lliimilii  chorionic  ('oiiailotropiii,  (.\vcrst  .\.1’.L.)  20, 000  tiiiils  per  day. 


METHODS 

Collection  of  lilood.^  Normal  Holstein  hulls,  3  to  4  years  old,  weri'  immohilized  hy 
means  of  spinal  (procaine)  and  intravenous  (pent<»l)arhital)  ainn'stlietics;  heparin  was 
administered  (500  mK  pnr  1000  lb.)  and  the  internal  s|)ermatie  vein  exposed  and  can- 
nulated.  Hlood  in  4S0  ml.  volumes  was  collected  in  bottles  eontainin}?  120  ml.  of  sodium 
citrate  solutiem.  The  cells  were  separated  by  eentrifunation  and  both  plasma  and  cells 
were  stored  in  the  frozen  state  and  shipi)efl  from  Ft.  ('ollins  to  .Miami  by  air.  .Iu>;ular 
blood  was  also  drawn  and  treated  in  the  same  fashion. 

Treatment  of  Animals,  ('ertain  of  the  bulls  (see  Table  1)  were  treated  with  human 
(  horionie  Koinnlotropin  (.\yerst  Laboratories,  .V.F.L.^)  by  the  intramuscular  administra¬ 
tion  of  20,000  international  units  per  day  for  several  eonseeutive  days  immediately  i)rior 
to  the  collection  of  jugular  and  spermatic  venous  bloods;  the  duration  of  treatment  in 
each  case  is  siven  in  Table  1 . 

Extraction  of  Steroids.  The  extraction  of  androstenedione  and  testosterone  from  tin* 
plasma  was  carried  out  by  a  modification  of  a  method  for  the  extraction  of  i)rof!;est<‘rone 
Icom  blood  (9).  Plasma  was  thawed  and  treat(*d  with  one-ninth  volume  of  5%  atpieous 
■  xlium  hydroxide  to  K>'e  a  final  concentration  of  0.5%.  The  solution  was  extracted 
nmediatel.v  three  times  with  an  (‘(pial  volume  of  i)eroxide-fre(>  etlu>r;  after  standinn 
'  vernif'ht  the  extraction  was  repeated.  The  pnreedun*  was  again  carried  out  with 
lethylene  dichloride.  The  combined  (‘ther  and  methylene  dichlorid(‘  extracts  were 
vaporated  to  dryness  and  partially  purified  by  a  4-transfer  countercurrent  di.stribution 

’  Details  of  method  to  be  reported  elsewhere. 

^  Thanks  are  due  to  Dr.  Stanley  C'ook  of  .\yert  Laboratori(‘s,  New  York,  for  a 
enerous  supjdy  of  .A.l’.L.  used  in  this  investigation. 
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Plasma  vol. 

(ml.) 

Ad.led 

(c.p.m.*) 

Recovered 

(c.p.m.) 

Hecoverv 

(%) 

.50 

780 

050 

83 

.50 

780 

075 

80 

.50 

2240 

1000 

70 

.50 

2240 

1700 

75 

*  Silinph's  counted  in  duplicate  in  fsas-flow  window  countc'r  at  'M)%  efficiency;  a  miiuinuni 
of  ItitM)  c.p.ni.  accuinulate(i. 


between  Heroin  (upper  phase)  and  90%  methanol,  usinR  a  minimum  of  100  ml.  of  each 
solvent  phase.  The  contents  of  funnels  3  and  4  were  combined  and  evaporated  to  a  small 
volume  umh'r  reduced  pressure'  to  remove  the  alcohol;  the  “neutral  polar  lipids”  wen 
e.xtracted  by  ililution  with  water  and  e.vtraction  with  methylene  diehloride.  Heeovery 
experiments  utilizing  added  testosterone-C'^  .showed  that  70%  or  more  of  added  tes- 
tostc'rone  was  recovered  by  this  itroeedure  (Table  2). 

After  removal  of  the  neutral  steroids,  the  alkaline  jdasma  (pH  12.0  or  higher)  was 
adjusted  to  i)H  S.0-S.,t  and  the  ether  extractions  rei)eated.  The  combined  etlu'r  ex¬ 
tracts  were  evaporated  to  dryness  and  set  aside  from  a  later  study  of  their  e.stntgen 
content. 

liioassai/.  The  extracts  of  the  plasma  irolar  lipids  were  dissolved  in  95%  ethanol  and 
bioassayed  against  testosterone  (1-8  /iR.  •»  ethanol)  in  the  baby-ehick  comb  assay  as 
described  by  Munson  and  Sheps  (10);  unknowns  and  standard  wen*  administered  in 
.05  ml.  do.se  pc'r  day  for  7  days  to  each  chick.  In  this  a.ssay,  as  carried  out  for  this  study, 
both  androstenedione  and  test(».steronc  have  ai)proximately  the  same  relative  androgenic 
(‘(luivalenee  within  the  error  of  the  assay  (potency  of  androst<'nedione:  1.118,  relative 
to  testo.sterone  (95%  confidence  interval:  .851  to  1.503),  Savard,  K.  and  \V.  Kessler, 
in  preparation).  .Accordingly,  the  androgen  content  of  the  jdasmas  is  expressed  in  terms 
of  t(‘stosterone  (Table  1)  but  could  also  represent  combined  testosterone  and  andro- 
st('nedione.  The  androgen  titers,  given  in  the  last  column  of  Table  1,  as  well  as  in  Tabic 
3.  have  been  corn'cted  for  the  dilution  of  the  plasma  by  the  citrate  solution  used  in  the 
blood  collection  procedure,  but  have  not  been  corrected  for  the  losses  in  the  extraction 
procedure. 

RESULTS  .\XI)  DISCUSSION 

The  androiren  levels  in  the  peripheral  Mood  of  the  animals  raiifred  from 
2.9  to  7.0  /ig  per  100  ml.  (Table  1).  This  value  must  be  considered  minimal 
since  no  correction  for  the  losses  in  the  extraction  procedure  has  been  made 
The  average  value  of  androgen  in  the  peripheral  blood  of  the  bull  may  thin 
be  considered  to  be  approximately  4.0  /ig  per  100  ml.  of  plasma.  This  vahu' 
may  Mell  explain  the  failure  of  other  workers  (1,  0,  11,  12)  to  detect  andro- 


Tabi.e  3.  Steroid  and  axorooev  context  ok  sper.matic  vexocs  plasma  krom 

C.OXADOTROPIX-TREATEI)  Rl'I.I.S 


Total  (mg.) 

/ug  per  100  ml. 

Total  androgen  (by  bioassav,  mean) 

4.15 

104 

Testosterone  (chemical  isolation) 

4.29 

107 

.Androstenedione  (chemical  isolation) 

0.58 

14.5 

17-hydroxyprogesterone  (chemical  isolation) 

0.49 

12.2 

nxil 
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ien  ill  the  peripheral  blood  of  other  speciei>  including  man,  since  the  inini- 
num  significant  dose  in  the  chick-comb  assay  is  1.0  mS  per  chick  (Savard 
uid  Kessler),  thereby  recpiiring  approximately  8-lo  of  androgen  and  a 
iiinimiim  of  800  to  oOO  ml.  of  plasma.  It  is  interesting  to  note  that  pe- 
iplieral  blood  drawn  following  the  administration  of  chorionic  gonado- 
ropin,  (bull  KH-3o)  had  no  greater  androgen  content  than  that  from  ani- 
iials  receiving  no  treatment.  Xo  study  of  the  chemical  nature  of  the  andro- 
ens  of  the  peripheral  blood  was  carried  out  becau.se  all  was  u.sed  in  the 
•ioassays. 

Spermatic  venous  blood  drawn  from  untreated  bulls  HB-1,  HB-2  and 
lB-88  (in  two  instances  at  the  time  of  collection  of  jugular  blood)  con- 
ained  7.8  to  17.7  mS  testosterone  equivalent  per  100  ml.  of  plasma,  with 
•ill  average  of  18.4  jug  per  100  ml.  This  value  is  not  at  great  variance  with 
'lie  androgen  titers  (1.0  to  o.O  units  per  100  ml.)  reported  for  the  bull  by 
Danby  (1)  and  those  found  in  the  dog  (0  to  7  jug  of  testosterone  per  100 
ml.)  (8,  20)  and  the  human  (1  jug  of  testosterone  per  100  ml.)  (0).  They  are, 
however,  not  in  agreement  with  the  higher  values  of  t('stost(M-one  r(‘ported 
tor  the  dog  and  human  .spi'rmatic  venous  plasma  by  other  workers  (11,  12). 
In  the  recent  work  of  Lindner  (8)  on  bull  spermatic  blood  the  androgen 
titers  are  reported  in  terms  of  hourly  outputs,  and  compaiison  with  our 
data  cannot  be  made. 

The  pronounced  effect  of  treatment  of  the  animals  with  gonadotropin 
prior  to  collection  of  blood  from  the  testis  may  be  .seen  in  the  remaining  8 
animals  (Table  1).  Here,  the  androgen  titers  ranged  between  approximately 
.■)0  to  8.5  jug  per  100  ml.  of  plasma.  This  marked  effect  of  systemically  ad¬ 
ministered  gonadotropin  is  in  keeping  with  its  anticipated  action  on  the 
testis;  whether  it  repre.sents  stimulation  of  the  existing  .steroidogenic  ele¬ 
ments  of  the  testis  or  merely  an  increase  in  their  numbers  cannot  be  inferred 
in  this  instance  of  chronic  administration  of  the  hormone.  These  values  of 
androgen  content  are  slightly  higher  than  those  observed  in  dogs  pre- 
Ircated  with  gonadotropin  (20),  where  28.0  jug  (range  0-100.0)  of  testo.s- 
lerone  per  100  ml.  are  reported. 

Xdturc  of  (he  fcsticnlar  androgens 

In  order  to  determine  the  chemical  nature  of  the  androgens  found  in  the 
-permatic  venous  plasma  of  the  bull,  the  extracts  from  those  animals 
beated  with  gonadotropin  (lower  three  in  Table  1)  were  combined.  Bio- 
ssay  revealed  a  total  of  4.15  mg.  of  androgen  (05  percent  confidence 
’imits  8.07  to  5.22  mg.),  being  somewhat  more  than  anticipated  from  the 
allies  obtained  on  the  individual  plasmas. 

C'hromatography  of  this  extract  in  ligroin/propylene  glycol  (18)  revealed 
wo  distinct  steroid  zones,  corresponding  to  androstenedione  and  testo- 
terone;  the.se  were  eluted.  The  remaining  portions  of  the  chromatogram 
vere  eluted,  combined  with  the  material  which  had  over-run  the  paper. 
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and  re-cliromatographed  in  the  same  system.  Tlie  same  t^vo  steroid  zones 
were  located,  eluted  and  added  to  the  corresponding;  eluates  from  the  initial 
chromatogram.  The  location  of  these  steroid  zones  was  facilitate<l  by  the 
addition  of  trace  amounts  (2-4  /xg)  of  testosterone-C*^  and  androstenedi- 
one-C'^  of  high  specific  activity.  The  reappearance  of  the  two  steroids  in 
the  .second  chromatogram  was  due  to  their  retention  at  the  origin  of  the 
first  chromatogram  by  a  heavy  deposit  of  highly  immobile  material.  The 
“non-steroidal”  areas  of  the  second  chromatogram  were  eluted  and  bio- 
a.s.sayed.  Only  a  small  amount  of  androgenic  activity  (dti  to  70  ptg  of  andro¬ 
gen)  was  found  in  this  extract  made  from  the  areas  outside  the  clearly 
delineated  zones  of  testosterone  and  androstenedione.  This  androgenic 
activity  was  due  to  residual  amounts  of  both  .steroids  as  indicated  by  the 
pre.sence  of  radioactivity,  which  by  calcvdation  corresponded  to  40  to  .50 
)ug  of  testosterone  or  androstenedione  or  both. 

The  zone  of  androstenedione  was  re-chromatographed  on  paper,  eluted, 
chromatographed  on  silica  gel  to  remove  impurities  and  measured  in 
methanol  at  240  ni/x.;  an  actual  (luantity  of  d;f4  jug  was  determined.  This 
value  was  adju.stable  to  the  amount  pre.sent  in  the  original  extract  by 
means  of  the  factor  provided  by  the  amount  recovered  of  radioactive 
androstenedione  tracer  added  initially;  the  corrected  amount  is  given  in 
Table  'A. 

The  testosterone  area  eluted  from  the  appropriate  zone  of  the  chromato¬ 
grams  mea.sure<l  .4.8.5  mg.  of  steroid,  calculated  from  the  absorption  in 
methanol  at  240  niju.  This  material  was  acetylated  in  pyridine  and  acetic 
anhy<lride  and  chromatographed  on  paper  in  ligroin  propylene  glycol  (4) 
to  provide  a  fast  moving  radioactive  zone  of  testosterone  acetate  and  a 
slow  moving,  non-radioactive  zone  of  17-hydroxyprogesterone  (14).  Both 
steroids  were  re-chromatographed  on  paper,  eluted,  chromatographed  on 
silica  gel  and  characterized:  a)  in  the  case  of  testosterone  acetate  by  its 
coincidence  with  the  radioactive  testosterone  tracer  added  and  by  its  ab- 
.sorption  spectrum  in  sulfuric  acid,  and  b)  in  the  ca.se  of  17-hydroxypro¬ 
gesterone  by  its  absorption  .spectrum  in  sulfuric  acid.  The  amounts  of  both 
steroids  adjusted  (by  the  .same  factor  of  recovery  found  for  testosterone) 
to  the  original  plasma  extract,  are  given  in  Table  4.  It  would  .seem  from 
these  data  that  the  (piantities  of  androstenedione  and  testosterone  (deter¬ 
mined  chemically),  correspond  favorably  with  the  mean  androgenic  titei 
(determined  biologically),  thereby  implying  that  both  compounds  consti¬ 
tute  the  principal  androgenic  components  of  the  testis  effluent  blood. 

The  i.solation  of  17-hydroxyproge.sterone  from  .spermatic  venous  blood  o 
the  bull  confirms  the  report  of  its  formation  (from  acetate-C'^)  in  the  per 
fused  stallion  testis  (4)  and  the  levels  reported  here  suggest  that  the  testi 
is  not  an  inconsiderable  .source  of  this  compound. 

The  ratio  of  7  to  1  in  the  concentration  of  testosterone  to  that  of  andro 
stenedione  in  the  testis  effluent  found  in  this  study,  appears  to  represent ; 
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Tabi.e  4.  Ratios  of  testostehoxeiandhostexedio.ve  fhom  testes  ok  \  akioi  s  species 


Species 

Method 

Treatment 

Ratio  'r : 

Orinin  of  data 
references 

)Ovin«* 

adult 

»perm.  vein  eannulutiun 

u.c.Gr- 

7:1 

this  study 

)Ovine 

adult 

sperm,  vein  eunnulation 

lume  and  II. (’.(5. 

>:?:! 

8 

)()vine 

calf 

sperm,  vein  eannulation 

none  and  ll.C.d. 

.oa:i 

8 

quint* 

adult 

perfiisioii-aeetate-l-C't* 

II.C'.Ci.  pretreatii 

cut  (1.6:1 

4 

anine 

adult 

.sperm,  vein  oanniilutitin 

II.C.C. 

6:1 

;i 

tinine 

adult 

sperm,  vein  eaniiulatioii- 
aeetate-l-('>^ 

none  and  il. 

:i:l 

Mason  and  Samuels 
unpublished 

odent 

—rat  adult 

sliees-aeetate-l-C'*^ 

II.C'.(1.(?) 

no  te.stosteroiic 

17 

lUinaii 

adult" 

perfu8ion-aoetate-l-(’>* 

i!.C'.(;. 

2:1 

5 

lUiiian 

adult< 

slioes-aeetate-l-C'*^ 

tumor 

1 .8:1 

18 

(liman 

child' 

.slice8-aeetate-l-(''^ 

tumor 

0..’>:1 

16 

>  Ratio  of  testosteroiK*  :andro!jtenedion(‘. 

•  n,C.(>.  shiiiimn  chorionio  gonadotropin. 

>  Savard,  K.,  Dorfinan,  R.  I.  and  Poutaa-sts  K.;  uiipubliMlicd  data. 

*  Knibryonal  rarcinoiua  of  the  testia  in  an  adtilt. 

i  VirilizitiK  interstitial-rell  tpiiior  of  tlu*  te.siis  in  a  5-year  «ild  hoy. 

•liaract eristic  ratio  for  tlie  adult  hull;  ratios  iu  excess  of  3  to  1  were  recently 
/eported  hy  Lindner  (<S),  who  also  found  that  the  testes  of  youns  male 
•alves  secrete  androstenedione  jjriinarily.  This  latio  is  not  constant  in 
idults  of  different  species;  the  few  studies  rejKirted  in  the  literature  and 
aimmarized  in  Table  4  indicate  that  testosterone  is  the  major  component 
elaborated  in  the  testes  of  the  adult  bull,  the  dofj;  ami  a  single  human,  and 
the  lesser  component  in  the  stallion,  the  rat,  the  young  bull  and  in  a  viriliz¬ 
ing  interstitial-cell  tumor  of  the  testis  occurring  in  a  young  boy.  The  exact 
significance  of  the  ratios  of  these  two  androgens  of  the  testis,  both  as  re¬ 
gards  species  and  age,  is  not  apparent  from  the  sparse  data  available.  Their 
significance  may  lie  at  the  species-pharmacologic  level.  Both  androstenedi¬ 
one  and  testosterone  have  fairly  similar  androgenic  properties  in  the  chick 
(see  above  and  P.  Munson,  quoted  in  (14)),  the  mouse  and  the  rat  (15);  by 
contrast,  testosterone  is  Iti-io  times  more  androgenic  than  androstenedi¬ 
one  in  man  (1(5)  and  1(5  times  more  active  than  androstenedione  in  the  bull 
( 19).  When  the  relative  androgenic  activities  of  the  two  compounds  will  be 
known  for  other  species,  the  excess  of  one  substance  over  the  other  in  the 
testis  effluent  of  different  animals  may  then  take  on  important  biological 
significance.  The  authors  cannot  forego  the  temptation  to  suggest  that  in  a 
particular  species  a  shift  in  testis  production  from  a  less  active  androgen  to 
a  more  potent  one  may  underlie  in  part  the  maturation  of  the  young  male 
at  puberty. 

.1  ckiiowIcdgmcHt 
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ABSTRACT 

Nidroxyzoiic  was  };iv(‘n  to  mice  of  hotli  sexes  l)y  drufi-diet  adniinistratioM. 

Ill  adult  females  estrus  was  inhibited  and  sifunitteant  decreases  in  the  wei}>;hts  of 
sex  orsans  obtained.  RMS  antagonized  these  effects.  Immature  and  adoleseimt 
females  were  not  affi'cted  by  nidroxyzone.  In  male  mie(‘  of  all  aj^es  a  ti'sticiilar 
atrophy  develoi)ed  which  was  not  jireventt'd  by  PMS.  Low  to  modm-ate  doses 
were  without  effect  on  seminal  vesicles,  (lonadotropic  content  of  the  jiituitary 
flland  appeared  to  be  unaltered. 

IX  1950  Prior  and  Ferguson  (1)  reported  tliat  nidroxyzone,-  a  nitrofuran 
derivative,  caused  a  reversible  sperinatogenic  arrest  in  the  testes  of  rats 
without  affecting  spermatogonia,  Sertoli  cells  or  testicular  interstitial 
tissue.  This  finding  was  confirmed  by  Xelson  and  Steinberger  (2).  Roth 
groups  of  workers  (1,  3)  noted  a  lack  of  effect  on  female  sex  organs.  Kllman 
et  al.  (4)  reported  that  cysteine  could  prevent  the  nidroxyzone-induced 
spermatogenic  arrest  in  rats.  Xitrofurazone,  another  nitrofuran  derivative, 
was  shown  by  Xi.ssim  (5)  to  cause  a  degeneration  of  seminiferous  tubules  of 
mice  involving  all  stages  of  spermatogenesis  including  spermatogonia  but 
sparing  Sertoli  cells. 

The  present  communication  deals  with  .some  effects  of  nidroxyzone  in 
male  and  female  mice. 

METHODS  AXD  M.Vl’EKI.ALS 

Four  strains  of  mice  were  used  at  different  times:  C3II,  ZBC  (.tX^lCjUl  Fi  females 
XZ  males),  Z.\P’i  (Z  males X.tHC.t  females)  and  AIK'A.  The  latt('r  strain  an*  mice  ob¬ 
tained  by  mating  only  the  albino  young  of  .\BC  mice*  (.VXZ  Fi  femalesX.V  males)  for 
over  ten  generations.  Mice  were  fed  Purina  laboratory  chow.  In  all  i‘xp(‘riments  exc('i)t 
those  dealing  with  estrus  cycles  control  mice  were  fed  ground  control  diet  ad  libitum, 
unless  otherwise  noted.  Nidroxyzone  and  cysteine  were  given  by  drug-diet  administra- 
•ion  (1)1))  ad  libitum.  Pregnant  Man*  Serum  (P.MS)  was  injected  subcutaneously  in  a 
olume  of  0.1  cc.  i)er  mouse. 

•Mice  were  sacrified  by  the  intraperitoneal  inj(‘ction  of  sodium  lamtobarbital  and 
Ib'ceived  Dectunber  12,  lOtiO. 

'  This  work  was  sui)port('<l  by  grants  fnun  the  Finversity  of  Minnesota  .Medical 
'chool  and  from  the  Xatio'ud  Institutes  of  Health.  F.S.P.H.S.  (grant  A-.'lO.Vi). 

Nidroxyzone  (Furadroxyl)  was  generously  supplied  by  Dr.  .Mary  F.  Paul  of  the 
Norwich  Pharmacal  ('omi)any  Laboratories,  Norwich,  N.  Y. 
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organs  carefully  dissected  free  of  all  surrounding  tissue  under  a  dissecting  scope,  jdaced 
on  moistened  filter  paper  in  a  covered  j)etri  dish  and  weighed  in  a  covered  weighing  bottle 
to  the  nearest  0.1  mg.  on  a  Voland  analytical  balance.  Fterus  plus  vagina  were  weighed 
with  intrauterine  and  intravaginal  fluid  pn'sent.  Because  of  tin*  difficulty  of  di.ssecting 
seminal  vesicles  of  adult  mice  without  either  losing  some  fluid  or  retaining  some,  if  an 
effort  was  made  to  expel  it,  the  seminal  vesicles,  bhuhler  and  prostate  were  removed 
together,  placed  in  formalin  for  about  lo  minutes  and  then  tln*s(>minal  ve.sicles  dissected 
clean. 

To  as.say  the  gonadotropic  potency  of  jiituitary  glands,  donor  j)ituitary  glands  were 
removed.  i)laced  in  absolute  acetone  for  three  or  more  days  at  room  temperature,  then 
ground  to  a  fine  powder  with  an  agate  mortar  and  pestle,  suspended  in  .saline  solution 
to  make  a  concentration  of  one  pituitary  gland  in  0.3  cc.,  refrigerati'd  and  used  within 
three  days.  The  j)ituitary  homogenate  was  injected  subcutane((U.sly  into  twenty-one  to 
tw(‘nty-two  day  old  female  .VBC'.V  mice  in  three*  doses  of  0.1  cc.  each  given  tw(‘nty-four 
hours  apart.  Control  mice  were  given  three  daily  .subcutaneous  injections  of  0.1  cc.  saline. 
•Vutop.sy  was  jx'rformed  approximately  twenty-four  hours  after  the  last  injection  and 
the  weight  of  uterus  plus  vagina  used  as  a  criti'rion  of  gonadotropic  jmtency. 

In  the  studi(‘s  on  estrus  cycles  only  those  mice  with  regular  cych's  prior  to  th(*rapy 
wen*  us(*d.  The  numb(*r  of  cycles  occurring  after  therapy,  excluding  the  first  three*  days, 
was  compar(*d  with  tin*  numb(*r  of  cycles  during  the  same*  numb(*r  of  days  jerior  to 
th(*rai)y.  Thus  mice  s«*rv(*d  as  their  own  controls.  Vaginal  smears  were  obtain(*d  by  saliiu* 
lavage*. 


UESl'l/rS 

EslniH  cuclca 

Xidroxyzoiie  wa.s  found  to  induce  marked  decrea.se.s  in  tlie  incidence  of 
e.strus  in  three  .strains  of  mice  (Table  1).  In  C.iH  mice  thi.s  occurred  without 
loss  of  body  weight.  In  both  ZHC  and  ABCA  mice  some  weight  was  lost 
but  was  in.suflicient  to  account  for  the  degree  of  decrease  in  estrus.  Studies 
in  ZBC  mice  on  re.stricted  control  diets  have  shown  that  a  10%  decrease 
in  e.strus  occurs  for  each  gm.  of  weight  lo.st  (0).  In  .\BCA  mice  re.stricted 
control  diets  for  2.1  days  caused  decreases  in  estrus  of  10  to  29%  with  body 
weight  losses  of  4.4  to  o.l  gm.  (daily  food  intake  of  II. 0  to  4. .5  gm.  per 
mouse,  S  to  10  mice  per  group)  and  a  decrea.se  in  estrus  of  81%  with  an  11 
gm.  weight  loss  (2.0  gm.  daily  food  intake,  7  mice).  Discontinuance  of 
nidroxyzone  admini.stration  allowed  a  return  of  normal  estrus  cycling 
within  a  few  days. 

The  addition  of  cysteine  appeared  to  have  oidy  a  slight  effect  on  ni- 
droxyzone-induced  inhibition  of  estrus.  There  was  evidence  of  a  mild 
antagonism  to  higher  concentrations  of  nidroxyzone  (0.8%)  and  of  a  .slight 
enhancement  of  smaller  doses  (0.2%). 

Diestrus  induced  by  nidroxyzone  was  readily  overcome  by  administra¬ 
tion  of  BMS.  In  fifteen  C.dl  mice  in  prolonged  diestrus  a  single  injection  of 
one  i.u.  of  P.MS  induced  estrus  in  all  mice.  In  .\BC.\  mice  a  single  injection 
of  4  i.u.  of  BMS  cau.sed  estrus  in  9  of  10  diestrus  mice  on  0.8%  nidroxyzone 
and  in  7  of  7  diestrus  mice  on  0.8%  nidroxyzone  plus  1.0%  cysteine.  Lower 
do.ses  of  P.MS  were  not  tried. 


liHil  NIDROXYZONK  OX  RKPROOrCTI VK  ORCANS 


TaBI.K  1.  KkKKCT  ok  Ml)R(iX  vzonk 

ox 

KSTKI  S  CYCI.K 

S  OF  .MH  K 

Strain 
of  mice 

('one.  of  (IruK  in  diet 

Xo. 

inie( 

I  )ays  on 
diet 

%  deer, 
estnis 
cycles 

Change  in 
hody  \vt. 
gin. 

(Ml 

0.2%  nidrox. 

82 

0(1 

0 

0.2%  nidrox. 

10 

4.T 

80' 

0 

ZHC 

0.2%  nidrox. 

10 

40 

.•)72 

-2.1 

((.3%  nidrox. 

10 

28 

0."> 

-4.7 

AlU’A 

0.2%  nidrox. 

0 

28 

84 

-2.4 

0.2%  nidrox.  +  1  .0%  cyslcinc 

tt 

28 

.y8 

—  2  2 

0.2%  nidrox.  +2 .0%  cysteine 

10 

28 

(10 

—  8 .  .1 

0.8%  nidrox. 

10 

28 

8,i 

-4.0 

0.8%  nidrox.  +  1  .0%  cysteine 

10 

28 

.Y 1 

-5.0 

1.0%  cysteine 

8 

28 

27 

+0.2 

2.0%  cysteine 

it 

28 

24 

0 

'  TroatnuMit  was  incfTccf ivc  tlu*  first  l(t  to  lo  (lavs.  Decrease  in  estrus  for  the  last  20  (lavs 
was  02%. 

-  Diirint;  the  first  20  days  estriis  was  decreased  1)\  47%  and  weight  loss  was  4.0  I  hiring 
llie  last  20  days  estrus  was  (leer(‘ase(l  hy  71%  and  hody  weiKht  increased  2.8  gni. 

! utact  female  miee 

Since  inhihition  in  estrus  induced  hy  a  drus  hut  overcome  Ity  }>:onado- 
Iropin  sussests  that  tlie  drug  may  decrease  gonadotropic  activity,  the 
effect  of  nidroxyzone  on  tlie  4veight  of  sex  organs  4vas  studied.  Nidroxyzone 
did  not  alter  the  weiglits  of  .sex  organs  in  immature  or  adolescent  mice. 
In  twenty-one  day  old  C3H  female  mice  on  diet  for  ten  days  the  weights  of 
ovaries  and  of  uteru.s  plus  vagina  were  R.4+().2  mg.  and  24.2+2.0  mg. 
respectively  in  10  controls  weighing  11.9  gm.,  2.9 +0.2  mg.  and  20.0  +  1.2 
mg.  respectively  in  9  mice  on  0.1  %  nidroxyzone  weighing  12.0  gm.  and 
2.2  ±0.2  mg.  and  11.0+0.4  mg.  respectively  in  10  control  mice  autopsied 
at  twenty-one  days  of  age  and  weighing  7.4  gm.  In  five  to  .six  week  old 
C3II  female  mice  on  diet  for  two  weeks  the  weights  of  ovaries  and  of 
uterus  plus  vagina  were  R.S+O.R  mg.  and  oS.o  +  10.4  mg.  respectively  in 
11  controls  weighing  lo.O  gm.  and  3.5  ±0.3  mg.  and  (50.4  ±7.S  mg.  respec¬ 
tively  in  10  mice  on  0.1%  nidroxyzone  weighing  15.4  gm. 

Re.sults  obtained  in  adult  mice  are  shown  in  Table  2.  It  is  apparent  that 
nidroxyzone  caused  marked  decreases  in  the  weights  of  ovaries  and  of 
uterus  plus  vagina  in  three  strains  of  adult  mice.  Administration  of  PMS 
(ZAFi  mice)  prevented  this  inhihition  and  actually  increased  sex  organ 
weights  above  that  of  the  controls.  Some  loss  of  hody  weight  was  noted  in 
treated  mice  hut  that  this  was  insufficient  to  account  for  the  degree  of 
inhihition  of  .sex  organs  is  shown  in  the  last  experiment  in  Table  2  in  which 
untreated  mice  were  given  restricted  control  diets.  Mice  on  2.5  mg.  of 
control  food  per  day  lost  15%  of  body  weight  and  had  ovaries  and  uterus 
plus  vagina,  calculated  as  mg.%  of  body  weight,  decreased  by  less  than 
1%,  and  by  19%  re.spectively.  ZAFi  mice  on  nidroxyzone  lost  17%  of  body 
weight  and  their  ovaries  and  uterus  plus  vagina,  calculated  as  mg.%  of 
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1  ABLE  2 

I^FKKrT  OF  MDRO.VYZONE  IN  .\I)rLT  FEM.\LE  MU’E 

AFTOPSIEI) 

\  DIESTRl'S 

Strain 

.\kc  in 

No. 

Bod.v  »t.  (sin.) 

Organ  weights  as  mg.  %  ±S.K. 

of  mice 

months 

onixp. 

mice 

Initial 

Final 

Ovaries 

Uter.  ^  vag. 

.Adrenals 

I’itiiitar.v 

ABC  A 

3-4 

2  Controls 

15 

28.5 

27.5 

60.5  +  3.6 

.5.38  +  25 

.31.1 

B.(> 

(1.2%  nidrox. 

13 

28.6 

27.8 

46.8 

402 

31 .8 

10.1 

(1.3%  nidrox. 

15 

28.2 

26.(1 

35.8±2.2» 

348  +  20* 

31.4 

0.3 

/.Be 

34 

2  ('ontrols 

10 

0 

22.8 

48.4  +  6.1 

,505  +  3.3 

35.0 

B.B 

0.3'J5  nidrox. 

10 

22.6 

nt.'.t 

21t.5±  1  .3* 

.3.50  ±28* 

33.7 

B.B 

y.w 

10 11 

4  C'ontrols 

7 

26.1 

26.2 

47.8  +  6.7 

628+117 

0.6  -  1 .4 

S.d 

<i.3-(».2'; 

\t 

2B .  4 

24. B 

25.1  +  1.0* 

361  +  23** 

2.7+ 1.7** 

B.B 

nidrox.** 

/All 

2  ('ontrols 

11 

21  ,'.t 

22  6 

53.4  +  2.4 

602+18 

(•.3*i  nidrox. 

11 

4 

18.6 

20.7+  1 .2* 

328+17* 

(1.3'V  nidrox. 

11 

BB  7 

17.5 

68.4  +  3.4* 

843  *  32* 

+  I*.MS'- 

ZAr, 

2 

2  ad  lib*' 

23.0 

24.8 

46.2  +  3.7 

5.53  +  ,58 

3.5  sill. 

8 

23.0 

24.(1 

47.6  +  3.1 

.540  +  25 

— 

3.0  sill. 

B 

23 . 1 

21 .6 

.33.0+1.8* 

407 +  .57 

-  - 

2.5  sin. 

7 

21.1 

17.4 

45.0  +  2.5 

464  +  .54 

- 

*  P  =  <  .01  r<)inpar(*d  with  controls. 

♦*  P  =  <  .05. 

•*  CNmccntration  of  dnig  was  0.3  percent  for  first  two  wcM’ks  and  0.2^^  for  last  two  we<‘k.s. 

Four  i.r.  of  PMS  injected  sulxuitaneously  thrtM?  times  a  week. 

^  All  mire  in  this  experiiitent  received  ground  control  diet  in  daily  amounts  indicat^Kl. 

l)()(ly  \veiia;lit,  were  inliihited  by  44  and  40%  respectively.  If  the  actual 
weight  of  organs  in  these  same  animals  is  used  for  computation  then  the 
inhibition  in  ovarian  weight  was  31%  in  restricted  and  ‘>7%  in  treated 
animals,  and  the  inhibition  in  uterus  plus  vagina  was  41%  in  restricted 
and  00%  in  treated  mice. 

Infact  male  mire 

Table  3  summarizes  the  effects  obtaine<l  with  nidroxyzone  in  male  mice. 
The  first  experiment  shows  that  0.1%  nidroxyzone  fed  for  10  days  to 
twenty-one  to  twenty-two  day  old  C3II  mice  completely  prevente<l  the 
growth  of  testes  but  did  not  affect  the  growth  of  seminal  vesicles  and  did 
not  alter  weights  of  adrenal  or  pituitary  glands.  In  adult  C3H  mice  a 
highly  significant  decrease  in  the  weights  of  testes,  both  as  actual  weight 
and  as  mg.  percent  of  body  weight,  was  obtained  with  0.1  and  0.2%  con¬ 
centrations.  A\'ith  the  higher  concentration  a  decrease  was  also  obtaiiu'd  in 
the  actual  w(*ight  of  seminal  vesicles  which  was  just  significant  as  mg.  /J 
of  body  weight.  .Vdnmal  glands  showed  significant  (h'cn'ases  in  actual 
w(*ight  but  not  as  percent  w(‘ight.  Xo  difference's  wen*  obtaiiu'd  in  pituitary 
gland  w('ights.  In  the'  third  expe'Hment  of  Table*  3  varie)us  low  conce'iitra- 
tions  (0.01  to  0.1%)  of  nielroxyzone*  we*re*  given  to  aelult  .\BC.\  mice  to  te*st 
fe)r  the*  possible*  anti-anelroge*nic  e*ffe*ct  of  low  ele)se*s  me*ntione*el  by  Xissim 
(.")).  The*  only  significant  change*  in  organ  we*ights  was  an  incre*ase*  in  we*ighl 
e)f  se'ininal  ve*sicle's  in  the*  0.1%  group  with  no  change*  in  te*slicular  we*ight. 

Aelelitional  elata  were  e)btaineel  from  aelult  mie*e  useel  in  experi¬ 

ments  assaying  the  ge)naele)tre)pic  e*e)ntent  e)f  pituitary  glanels.  Thirty-three 
mie*e  e)n  0.2%  nielre)xyzone  fe)r  twee  weeks  she)weel  elecreases  eef  .12.0%  in 
weights  e)f  testes,  e)f  34.2%  in  weights  ejf  seminal  vesicles,  anel  e)f  7..1%  in 
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hotly  woifilits  coniparetl  with  1  coiilrols.  I^'ll’totMi  mice  on  O.o^'o  nitlroxy- 
/ono  for  two  weeks  had  testicular  weij^lits  iidiihited  hy  weifjlit  of 

^eininal  vesicles  iidiihited  hy  11.'.)%,  and  hotly  weight  hy  lo.o^,  (11  ctni- 
lrt)Is). 

Attempts  to  i)revent  testicular  atrophy  with  PMS  or  with  pituitary 
lomogenates  were  unsuccessful.  The  last  experiment  in  Table  3  shows  tlie 
‘fleets  of  2  i.u.  of  PMS  administeretl  three  times  a  week  for  two  weeks  to 
ive  to  six  week  old  ZBC  mice  on  0.1%  nitlroxyzone.  PMS  tlid  not  alter 
e.sticular  weights  of  either  control  or  treated  mice  hut  did  stimulate  secre- 
ion  of  androgen  in  both  groups  as  noted  l)y  increased  weights  of  seminal 
vesicles.  Kven  a  do.se  of  10  i.u.  of  PMS  daily,  six  times  a  week  for  two 
.veeks,  did  not  prevent  testicular  atrophy  cau.sed  hy  0.2%  nidroxyzone  in 
^AFi  adult  mice.  Testicular  weights  were  ooS+:i2  mg.%  in  10  control 
mice,  (WT  ±25  mg.%  in  0  controls  given  PMS,  205  ±10  mg.%  in  10  mice 
•»n  0.5%  nidroxyzone  and  247  ±S  mg.%  in  0  mice  on  0.5%  nidroxyzone 
plus  PMS.  Neither  did  the  injection  of  pituitary  homogenates  in  daily 
do.ses  of  one-half  pituitary  per  mou.se  for  two  weeks  prevent  testicular 
atrophy  in  adult  ABCA  mice:  testes  were  decrea.sed  in  weight  hy  55.0% 
in  18  mice  on  0.2%  nidroxyzone  and  hy  54.5%  in  18  mice  on  0.2%  nidroxy¬ 
zone  plus  pituitary  injections,  compared  with  20  control  mice. 

Also,  cysteine  appeared  to  he  unahle  to  prevent  the  testicular  effects  of 
nidroxyzone  in  mice.  In  another  experiment,  not  recorded  in  the  table,  the 
weights  of  testes  and  seminal  vesicles,  as  mg.%,  were  decrea.sed  hy  55  and 
12%  respectively  in  mice  on  nidroxyzone  alone,  and  hy  50  and  52%  respec¬ 
tively  in  mice  on  nidroxyzone  plus  1.0%  cysteine  (15  and  14  mice  per 
group  respectively). 


Tabi.e  Effect  of  .niduoxyzone  in  mai.e  mice 

Organ  weights  roronled  us  ing.  %  +S.10.  in  first  three  experiments  and  as  actual  widglit  in 
mg.  in  last  experiment. 


strain 

.\ge  of 

Days  on 

.No. 

Body  wt.  gm. 

Oritan  » 

filth  ta 

if  tiiipc 

mice 

osp. 

miff 

Initial 

Final 

Tfstes 

Sfin.  vf.f. 

.Adrenals 

Pituitary 

i'.H 

21  22  da. 

10 

('oiitrols 

10 

7.1 

12.6 

67.6±2.6 

13.7+1.8 

3.0+0. 1 

1. 1  +  0.1 

0. 1%  nidrox. 

10 

7.1 

11. S 

34.3±1.0* 

11.6+1.7 

2. 6+0. 2 

0.9+0.04 

21  da.  old  contn>ls 

10 

7.4 

— 

32.7±1.5 

4. 2+0. 6 

2.2+0. 1 

0.6+0.01 

I'.H 

7-9  im»s. 

21 

('oiitrots 

10 

27.1 

27.5 

4H1±  18 

528+  47 

16.5+0.9 

6.1  +  0.  1 

0.2%  nidrox. 

9 

26.5 

23.6 

203  ±3* 

410+21*** 

14.8+0.8 

6. 2+ 0.6 

0.  Uo  nidrox. 

10 

27.1 

25.3 

218±6* 

496+  20 

14.1  +  0.7 

4. 9+0. 6 

0.05%  nidrox. 

10 

26.3 

26.1 

517±12 

511+27 

11.5+0.6 

5. 7+ 0.3 

\B('A 

2-3  moa. 

If 

('ontroU 

10 

30.6 

32.6 

627±  58 

488+  30 

_ 

_ 

0.1%  nidrox. 

10 

32.3 

32.4 

746±37 

610+ 32*’ 

— 

— 

0.05%  nidrox. 

10 

31.6 

.30.9 

827  +  33 

567+31 

— 

— 

0.025‘'o  nidrox. 

<1 

32.4 

33.9 

686+  24 

.557  +  37 

— 

-- 

0.01%  nidrox. 

to 

32.1 

33.9 

5.52+78 

520+  40 

— 

— 

5-  0  wks. 

11 

C’ontroU 

9 

15.3 

20.9 

141.8 

62.9 

4.9 

2.4 

Controls -f-PMS* 

9 

15.1 

21.7 

142.2 

115.7 

5.1 

2.2 

0.1%  nidrox. 

H 

16.9 

22.2 

85.6 

64.9 

5.0 

2.4 

0. 1%  iiidrox.+PMS® 

to 

16.5 

20.4 

71.5 

108.5 

4.5 

3.1 

•P=<.oi. 

••P=<.02. 


I  =<..U.-). 

"  Mif'C  were  injected  sidKUtanenusly  with  2  i.n.  I’MS  three  times  week.  Mice  not  receiving  PMS  were  given  saline  sul)cutHnefiusly. 
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'I'aBI.K  J.  (  IkN  AIMiTKonc  «<I\'IK.\T  OK  I'lTriTAKY  <;l.A.VI)ti  OK  INTACT  A\l>  I'ASTKATK.I* 
AHCA  MAI.K  MICK  TIIREK  MONTHS  o|,|>,  ON  (•.'2%  \  I DRO  N  Y  Zo  N  E  KOR  TWO 
WEEKS  STARTING  HAY  OK  CASTRATION 


l‘i(ui(arv  ((litii<ls  assavcd  in  21-  to  22-«lay  old  AlU'A  female  niiee,  oiie-tliini  pituitary  ulaml 
per  day  for  three  days. 


Body  vvt.  of  ( 

Initial 

lonors  (|;tn. ) 

I'inal 

No. 

rccii>i(Mit 

Body  wt. 
(Kin.) 

I'tiT.  ±  vaK.  as 
inK.%  ±S.i:.* 

Saline  controls 

_ 

_ 

It) 

12.4 

2(>4  +  18 

Intact  controls 

:u.t> 

1 1 

12.4 

.')»!  ±40 

Intact  treated 

:ii  5 

:i() .  .5 

1 1 

12..') 

.')t)l»  ±  42 

('astr.  controls 

:ji 

:ii  .1 

12 

12.2 

510  +  a.') 

C’astr.  treated 

:ii  .7 

2a.  i» 

12 

12. (i 

500  ±  2.5 

*  There  is  no  sigiiitieant  difference  between  any  of  the  last  four  groups. 


Castrated  male  mice 

C3II  male  mice,  two  to  five  months  old,  were  castrated  and  ])ut  on 
therapy  for  two  weeks  .starting  the  day  of  castration.  The  weights  of 
seminal  vesicles  were  105.7  ±5.3  mg.  in  15  intact  control  mice,  15.3  ±1.2 
mg.  in  9  castrated  controls,  19.9  ±2.1  mg.  in  12  ca.strated  mice  on  0.1% 
nidroxyzone  and  17.1  ±0.05  mg.  in  12  castrated  mice  on  0.05%  nidroxy- 
zone.  Thus,  nidroxyzone  had  no  effect  on  the  weights  of  .seminal  ve.sicles 
of  ca.strated  mice  either  in  doses  causing  testicular  atrophy  in  intact  mice 
(0.1%)  or  in  do.ses  too  low  to  affect  te.sticular  weight  in  intact  mice  (0.05%). 

Assay  of  pituitary  ylands 

Four  experiments  assaying  the  gonadotropic  content  of  pituitary  glands 
of  two-  to  three-month  old  .\BCA  male  mice  on  nidroxyzone  for  two 
weeks  were  done.  The  results  of  two  experiments  with  intact  mice  on  0.2% 
drug  were  ecpiivocal,  one  sugge.sting  an  increa.se  (10  to  11  recipient  mice 
per  group,  P=  >.l),  the  other  suggesting  a  decrease  in  gonadotropic  con¬ 
tent  (7  to  10  recipient  mice  per  group,  P=  >.l).  A  third  experiment  with 
0.3%  drug  in  intact  mice  showed  an  insignificant  decrea.se  in  gonadotropic 
content  (11  to  12  recipient  mice  per  group,  P=  >.l).  Ue.sults  of  a  fourth 
experiment  in  which  pituitary  glands  of  both  intact  and  castrated  mice 
were  a.s.sayed  are  shown  in  Table  4.  No  difference  in  gonadotropic  content 
between  control  or  treate<l,  intact  or  castrated  mice  was  found.  It  is  con¬ 
cluded  that  nidroxyzone  did  not  affect  gonadotropic  content  of  pituitary 
glands  of  male  mice. 

The  pituitary  glands  of  treated  and  control  female  mice  (ABCA  mice 
in  Table  2)  were  also  as.sayed  for  gonadotropic  content.  The  weights  of 
uterus  plus  vagina  of  recipient  mice  were  increased  by  37.8%  with  control 
pituitary  homogenates  (P=  <.01,  12  mice),  by  35.6%  with  0.2%  nidroxy- 
zone-treated  pituitaries  (P=  <.01,  8  mice),  and  by  18.3%  with  0.3% 
nidroxyzone-treated  pituitaries  (P=  >.l,  11  mice).  Though  this  increase 
of  only  18.3%  was  not  significantly  different  from  the  saline-injected 
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ontrols  (12  mice),  neitlior  was  i(  significantly  ditTcMcnl  from  the 
ncrease  produced  l)y  the  injection  of  control  ))ituitaries.  I'herefore  it  is 
onclude<l  that  ni<lroxyzone  did  not  have  any  clear-cnt  effect  on  the  fjona- 
otropie  content  of  pituitary  }>:lands  of  female  mice. 

DISCUSSION 

It  has  been  repeatedly  shown  that  nidroxyzone  induces  testicular  at  rophy 
I  rats  (1,  2,  7).  Nissim  (o)  found  a  similar  effect  in  mice  with  nitrofura- 
v)ne,  which  the  present  work  confirms  for  nidroxyzone.  The  principal 
ction  of  the  nitrofurans  on  male  sex  organs  appears  to  he  on  the  seminifer- 
(  us  tubules  resulting  in  spermatogenic  arrest.  Moderate  do.ses  appear  to 
i.ave  little  or  no  effect  on  interstitial  cells  or  on  androgen  production  in 
Kits  (1, 2).  Ni.ssim,  however,  noted  a  definite  decrease  in  weights  of  seminal 
esicles  of  mice  with  doses  too  low  to  affect  testes  (0.04%  nitrofurazone 
I'V  DD,  30  mice).  With  higher  do.ses  (0.15  to  0.3%  nitrofurazone,  37  mice) 
it  decrea.se  of  59%  in  the  weight  of  testes  was  obtained  with  no  change  in 
ilie  average  weight  of  seminal  vesicles.  However,  with  these  higher  doses 
he  not  infreiiuently  observed  mice  with  unusually  large  seminal  vesicles 
iissociated  with  hypertrophy  and  hyperplasia  of  interstitial  cells  plus  suf¬ 
ficient  other  mice  showing  decreases  in  weights  of  .seminal  vesicles  to  give 
;m  average  that  was  similar  to  the  controls.  In  hypophysectomized  mice 
the  high  doses  caused  a  decrease  of  approximately  33%  in  weights  of 
seminal  vesicles  and  of  45%  in  weights  of  testes.  As  a  result  of  his  findings 
•Xissim  suggests  that  low  doses  of  nitrofurazone  exert  a  direct  anti-andro- 
genic  action  but  that  high  doses  have  a  secondary  androgenic  effect  due 
to  an  increa.se  in  gonadotropic  activity  of  the  pituitary  gland.  He  tlunks 
this  increased  gonadotropic  action  is  the  result  of  withdrawal  of  some 
substance,  normally  .secreted  by  seminiferous  tubules,  which  inhibits 
pituitary  function,  thus  explaining  his  results  on  the  basis  of  the  inhibi¬ 
tion  theory  propo.sed  as  the  cau.se  of  increased  gonadotropin  after  castra¬ 
tion. 

In  the  pre.sent  work  low  doses  of  nidroxyzone  showed  no  effect  on  weights 
of  seminal  ve.sicles  and  high  do.ses  tended  to  inhibit  them.  Therefore  these 
le.sults  do  not  uphold  Ni.s.sim’s  contention  of  a  direct  anti-androgenic 
effect  with  low  doses  and  of  a  secondary  androgenic  action  of  high  do.ses. 
However,  nitrofurazone  was  used  by  Ni.ssim  and  nidroxyzone  in  the  pre.sent 
A'  ork. 

The  experiments  involving  as.say  of  pituitary  glands  indicate  that 
cidroxyzone  did  not  affect  the  gonadotropic  content  of  pituitary  glands, 
'his  is  in  contrast  to  the  findings  of  Nelson  and  Steinberger  (2)  who 
t  sported  an  increa.se  in  gonadotropic  content  in  rats.  In  relating  pituitary 
<  ffects  to  possible  mechanisms  of  action  it  should  be  remembered  that 
!  onadotropic  content  of  the  pituitary  gland  offers  little  or  no  information 
'sgarding  secretory  activity. 
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Xclsoii  and  Stoiiihorgor  (R)  ohsc'rvod  no  cliaiifics  in  Ofslnis  cycU's  or  in 
ovarian  weights  of  female  rats.  The  adnlt  female  mouse  responds  to 
nidroxyzone  hy  inhibition  of  estrns  cyc'les  and  l)y  decrease  in  weights  ol 
sex  organs.  The  induction  of  estrns  and  tlie  stimulation  of  sex  organs  b_\ 
PAIS  in  treated  animals  suggests  an  interference  with  the  .secretion  {>1 
gonadotropin.  However,  the  lack  of  effect  of  nidroxyzone  in  five  to  si\ 
weeks  old  female  mice,  an  age  at  which  sex  organs  are  rapidly  increasing 
in  weight,  argues  against  a  decrease  in  gonadotropic  activity. 

Both  I’AIS  and  pituitary  injections  failed  to  prevent  testicular  atroph\ 
caused  by  nidroxyzone  in  mice.  A  similar  lack  of  effectiveness  of  gonado¬ 
tropic  factors  was  ob.served  in  rats  (1,  2).  One  would  expect  the  administra¬ 
tion  of  gonadotropin  to  prevent  testicular  atrophy  if  such  atrophy  were 
due  to  lack  of  secretion  of  gonadotropin. 

Nelson  d  nl.  (2)  and  Featherstone  d  al.  (7)  found  that  estrogenic  inhibi¬ 
tion  of  the  pituitary  seemed  to  protect  the  testes  of  rats  from  nidroxyzone 
effect  as  evidenced  by  recovery  times  of  testicular  impairment.  Nelson  el  ul. 
(S)  further  observed  that  PAIS  could  prevent  this  protective  action  of 
estrogen.  The.se  observations  .suggest  that  nidroxyzone  acts  only  in  the 
presence  of  gonadotropin,  probably  interfering  with  its  action  on  spermato¬ 
genesis.  On  the  other  hand  a  direct  action  of  the  nitrofurans  on  testes  is 
suggeste<l  by  the  decrea.se  of  testicular  weight  in  liypopliysectomized  mice 
(5)  and  by  an  interference  with  citrate  formation  in  testicular  tissue  in 
vitro  (9).  However,  in  the  latter  case  whatever  gonadotropin  was  pre.sent 
in  the  testes  at  the  time  of  .sacrifice  would  probably  still  be  present. 

If  one  assumes  that  nidroxyzone  acts  by  blocking  gonadotropic  action 
then  it  is  apparent  in  the  pre.sent  work  that  12  i.u.  of  PAIS  a  week  will 
overcome  this  block  in  female  mice  but  that  bO  i.u.  of  PAIS  a  week  will  not 
overcome  it  in  male  mice.  The  more  or  le.s.s  .selective  action  of  nidroxyzone 
on  spermatogene.sis  in  male  rats  suggests  a  possible  preferential  inhibition 
of  FSH.  The  difference  in  PAIS  effect  in  the  .sexes  might  be  explained  on 
the  basis  of  greater  sensitivity  of  female  gonads  than  of  male  gonads  to 
the  FSH  activity  pre.sent  in  PAIS.  The  work  of  Simp.son  d  al.  (10)  indicates 
that  ovaries  of  liypopliysectomized  rats  are  considerably  more  .sensitive  to 
FSH  than  are  testes. 

.V  .species  difference  in  the  action  of  nidroxyzone  is  .suggested  by  the  lack 
of  an  effect  on  female  sex  organs  of  rats  but  an  inhibition  of  them  in  mic- 
and  by  the  ability  of  cy.steine  to  antagonize  the  induced  testicular  atroph' 
in  rats  but  not  in  mice.  The  inabilitj’  of  PAIS  to  prevent  testicular  atroph 
in  treated  male  mice  but  its  effect ivene.ss  in  counteracting  diestrus  an  i 
sex  organ  inhibition  in  treated  female  mice  may  reflect  a  sex  differem  * 
either  in  the  action  of  or  sensitivity  to  PAIS  or  in  the  action  of  nidroxyzoin  . 

Acknowledgments 

The  autlior  is  grateful  to  Theodora  Al.  Danielson,  Alarvin  S.  Segal  and  Donna  i 
Ilaminond  for  their  technical  assistance  at  different  times. 


\mjud,  lUUl  NIDHOXYZONK  OX  HKl’KODUCTI Vll  OHOAXS 


I?? 


UEFEREXCES 

1.  I’moit.  .1.  '1'.  Axi)  J.  H.  Fkiujusox:  Cancer  3:  IOaO. 

2.  Xklson,  W.  O.  and  K.  Stkinhkkgkh:  Annt.  Rec.  112:  3(57.  lit.VJ. 

3.  Xklson,  W.  O.  and  K.  Stkinhkrgkk:  Anat.  Rcc.  112:  42(5.  10.V2. 

4.  Kllman,  O.  L..  R.  .M.  Fkathkr.stonk  and  V.  Andhks:  Fed.  I’roe.  19:  371.  I!K5(). 

.).  XissiM,  J.  A.:  Lnneet  272:  304.  1957. 

(5.  Cranston,  E.  51.:  Proe.  Soe.  Fxp.  Biol,  and  Med.  98:  320.  195S. 

7.  Fkathkr.stonk,  R.  M.,  \V.  ().  Xklson,  F.  Wkldon,  K.  .Marrkrgkr,  A.  Roc(  ahklla 
AND  R.  Roccarklla:  Fndoerinologn  S6:  727.  1955. 

Xklson,  \V.  ().,  E.  Stkinhkrgkr  and  A.  Roctahklla:  .\ntd.  Ree.  118:  333.  1954. 
9.  Fall,  51.  F.,  H.  E.  Raul,  F.  Kopko,  51.  J.  Rrvson  and  ('.  Harrington:  J.  H.  C. 
206:  491.  1954. 

0.  Si.Mi’soN,  51.  1'^.,  C.  11.  El  .\ND  11.  51.  1'A'ans:  Fnduerinolofu/  48:  370.  1951. 


INFLUENCE  OF  INSULIN  ON  MAINTENANCE 
AND  SE('RETORY  STIMULATION  OF  MOUSE 
MAMMARY  TISSUES  BY  HORMONES  IN 
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AHSTRAC'T 

Mouse  maniniary  tissues  from  late  prelaetatiuf!;,  early  prelaetatins,  and 
uoupr(‘gnaut  multiparous  female  C'3H  Cr^l  miee  were  suhjeeted  to  various 
hormoiH's  in  orjjau-eulture  in  a  synthetie  medium.  The  three  types  of  tissiu* 
were  maintained  with  the  addition  of  insulin  and  eortisol,  to  some  extent  with 
insulin  alone,  and  not  at  all  with  eortisol  alone.  The  more  dilTercntiated  the 
tissue  in  the  direction  of  seeretctry  activity,  the  greater  was  the  need  for  corti¬ 
sol  in  addition  to  in.sulin  for  maintenance  in  vitro.  Following  culture  in  insulin 
and  cortisol,  mammary  tissues  showed  one  of  the  following  responses:  (1) 
alveolar  maintenance  with  lo.ss  of  .s(*cretory  activity,  (2)  maintenance  of  the 
initial  histologic  structure,  or  (3)  reorganization  of  alveolar  epithelium. 

Addition  of  mammotropin  and  somatotropin  to  media  containing  insulin 
:ind  cortisol  maintained  the  secretory  state  of  late  prelactating  tissue  and 
stimulated  early  prelactating  and  nonpr<‘gnant  tissues  to  secretory  activity. 

The  o))timum  concentrations  of  MH  and  STH  producing  secretory  responses 
in  early  pndactating  tissue  were  four  times  greater  than  those  effective  in  late 
prelactating  tissue.  With  early  jjrelactating  tissue,  the  minimum  hormonal 
<‘oml)ination  cai)al)le  of  initiating  secretion  in  vitro  was  either  mammotropin 
or  .somatotroi)in,  in  addition  to  in.sulin  plus  cortisol 

OR(iAN-CULTURl']S  of  mammary  glands  from  embryonic  (1),  young 
virgin  (2,  8),  and  adult  pregnant  mice  (4-S)  have  been  cultured  in 
partly  or  entirely  synthetic  media,  supplemented  with  hormones.  The  func¬ 
tional  capacity  of  prelactating  mouse  mammary  gland  has  been  investi¬ 
gated  both  in  cell-culture  (9,  10)  and  in  organ-culture  (4-8).  In  organ- 
cultures,  insulin  and  corti.sol  permitted  .survival  of  late  prelactating  mous( 
mammary  tissue  (0),  whereas  mammotropin  and  cortisol  stimulated  secre 
tory  activity  (4,  7).  However,  only  one  of  .several  mammotropin  prepara¬ 
tions  used,  in  combination  with  cortisol,  was  effective  in  stimulating  secre¬ 
tion  or  permitting  explant  maintenance  in  vitro. 

The  purpose  of  the  pre.sent  study  was  to  investigate  in  further  detai 
the  effects  of  insulin  on  the  maintenance  of  alveolar  structure  of  adul 
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mouse  mainniary  tissue  in  organ-culture  ami  to  deterniine  the  role  of 
insulin  in  the  hormonal  induction  of  secretory  activity.  Experiments  were 
lesigned  to  examine  the  effects  of  varying  hormone  concentrations,  of  the 
)mission  or  addition  of  hormones,  and  of  the  initial  physiologic  state  of 
he  tissue.  The  hormonal  requirements  in  vitro  are  compared  with  those 
ilready  established  by  in  vivo  studies.  Three  stages  of  normal  mammary 
■  land  development  were  cultured:  (1)  late  prelactating,  (2)  early  prelactat- 
ng,  and  (3)  nonpregnant. 

METHODS 

Tisanes.  TissiU's  were  si'lcctcd  from  mamniiiry  tumor  Mgeiit-bearinjf.  multiparous 
(‘male  (’.3H  Crgl  mice.  Kxplants  were  taken  from  mammary  glands  of  animals  betweim 
lie  17th  and  lOtli  day  of  pregnancy  (late  prelactating),  between  the  10th  and  12th  day 
if  pregnancy  (early  prelactating),  and  from  animals  at  least  two  weeks  after  weaning 
nonpregnant).  The  explants  were  about  1.. 5-2.0  mm.  in  diameter  and  about  0..5-1.0 
inm.  thick.  Tissue  samples  wen*  taken  from  areas  adjacent  to  the  tissues  explanted  for 
histologic  determination  of  the  initial  state  of  the  exjilant. 

Hormones.  The  basal  culture  medium  used  was  synthetic  “199”  (11).  Amorphous 
insulin  (I)  (lot  number  \V-:i25o.  provided  by  Dr.  Otto  K.  Hehreus  of  Fdi  Lilly  ('om- 
pany)  was  dissolved  in  0.005X  HC'L  and  added  to  a  measured  volume  of  “199”.  This 
solution  was  sterilized  by  passage  through  a  millipore  filter  with  au  average  jjorosity 
of  0.4.5  M-  Ali(piots  of  the  filtrate  were  then  added  to  the  final  culture  medium  in 
amounts  recpiired  to  yield  the  .desired  concentrations.  Elias  (12)  found  no  significant 
increases  in  the  dry  weights  of  millipore  filters  after  filtration  of  insulin  solutions  and* 
concluded  that  no  insulin  was  removed  by  this  procedure.  The  insulin  preparation  con¬ 
tained  0.04%  zinc  and  2-3%  glycagon,  aiul  had  20  units  of  activity  mg. 

Ovine  mammotropin  (MH:  lot  numbers  1.2051  .\SS,  L20.51  .VP,  ami  L2932  25-30 

I.C.,  mg.)  and  bovine  somatotropin  (STH:  lot  57-l.\)  provided  by  Professor  (’.  H.  Li. 
were  di.s.solved  in  a  small  volume  of  0.0001  X  XaOH,  then  added  to  measured  volumes 
of  “199”.  The.se  hormone  .solutions  were  .sterilized  as  above  by  pas.sage  through  millipore 
filters. 

rnesterifie<l  cortisol  (F)  (obtained  from  Merck,  Sharp  and  Dohme)  was  dissolved  in 
absolute  ethanol.  \  small  amount  of  the  .solution  was  added  to  a  measured  volume  of 
*199”.  From  this  solution,  ali(piots  were  taken  and  added  to  the  culture  medium  iu 
amounts  recpiired  to  yield  the  desired  concentrations.  Control  mediutft, containing  an 
ethanol  concentration  of  0.5%  has  no  effect  on  mammary  tissue  (5).  Mammary  tissues 
used  in  the  j)resent  study  <'ould  tolerate  concentrations  of  ethanol  as  high  as  1.25%;; 
however;  the  ethanol  concentrations  contained  in  most  of  the  culture  did  not  exceed 
0.2%. 

Culture  Method.  The  culture  method  used  was  the  ('hen  (13)  adaptation  to  liquid 
media  of  the  watch  glass  technic  of  Fell  and  Robin.son  (14),  somewluit  modified.  The 
technic  is  described  in  a  previous  paptT  (7).  Iu  the  present  experiments,  the  incubator 
was  humidified  by  placing  pans  containing  distilled  water  on  each  shelf.  .\  mixture  of 
95%  02  —  5%  ('(>2  was  bubbled  through  distilled  water  in  the  incubator  at  the  rate  of 
0.5  to  0.7  liters  per  minute.  Ry  this  method,  the  pH  of  the  medium  was  maintained  at 
about  7.4  to  7.0.  The  medium  was  removed  on  the  third  day  and  replaced  with  fresh 
nedium,  and  the  cultures  were  terminatecl  at  the  end  of  five  days.  .\t  the  time  of  termi- 
■lation,  tin*  explants  were  observed  grossly  umh'r  the  dissecting  microscope  and  then 
‘ransferred  to  Houin’s  fixative.  Sc'rial  paraffin  .sections  of  the  tissues  were  made  at  7n 
ind  stained  with  modified  Masson’s  stain. 
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All  tissues  were  stained  with  Masson’s  stain  and  phot<(Krai)lied  at  425X. 

Fig.  1.  Frelactatinn  lobule  of  mammary  shind  from  17  to  lO-day  i)rennant  mouse 
late  i)relaetatinK  development.  Note  intraeellular  vaeiiolation,  distended  alveoli,  am’ 
stainable  seeretion  in  alveolar  lumina. 

Fig.  2.  Prelaetatin>?  lobule  of  10  to  12-day  |)re>>;nant  moust!;  early  iirelaetatiiifi;  de- 
veloiimcnt.  Note  absenta*  of  intracellular  vaeuolation,  absenet*  of  stainable  sc'cretion  in 
lumina,  small  alveoli,  mitotic  figure  at  bottom  left. 
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(InnliiKj  (if  l{isfiiinx(s  la  Vultun  MnUn.  I'dIIhw iiip;  cultiirc.  tlic  sci'uil  sections  of  cacli 
\|)liin(  were  exainiiieil,  anti  the  responses  of  the  iilviiili  were  fjraileil  aceordinn  to  tlie 
ollowinn  histolonie  criteria: 

A.  Mitinh  nance  of  alvcalar  Htrnclnrc: 

—  less  than  ')()%  of  alveolar  structure  maintained 

+  niore  than  ")()%  of  alveolar  strueture  maintained 

15.  Scrrctori/  artiviti/  of  maintained  alveoli: 

—  most  alveoli  small;  little  or  no  stainahle  secretion  in  the  Inmina;  few  cells 
with  vacuoles 

d-alveoli  moth'rately  distendtal;  small  amounts  of  stainahle,  serous-appearinff 
seeretion  in  the  lumina;  moilerate  number  of  colls  with  vacuoles 
-h  +alveoli  Kr<"itly  disttmded;  larf^e  amounts  of  stainahle,  eolloid-ai)i)earinfi  st'cre- 
tion  in  the  lumina;  most  cells  with  vacuoles 

RESULTS 

..  Histologu  of  tissues  at  time  of  explautatiou 

III  the  actively  secretory,  late  prelaetatiug  lolmles,  the  alveoli  were  dis- 
lended,  sometimes  confluent,  and  sliowed  moderate  amounts  of  stainahle 
ecretion  in  the  lumina.  The  alveolar  epithelium  was  hifrhly  vacuolated 
(Fig.  1).  The  alveoli  of  the  earig  prelaetatiug  lobules  were  small,  with  small 
lumina  and  usually  little  or  no  secretion.  Vacuolation  of  the  alveolar 
c])it  helium  was  generally  ah.sent  (Fig.  2).  Non  pregnant  tissues  showed 
alveolar  clusters  in  different  stages  of  regres.sion  (Figs.  8  and  4)  or  mostly 
ductal  elements  with  relatively  few  alveolar  clusters.  The  lumina  of  the 
alveoli  were  not  readily  .seen.  Variable  numbers  of  unorganized,  dark- 
staining  cells  were  found  scattered  between  alveoli.  They  appeared  largely 
to  be  alveolar  cells  undergoing  regression  (Fig.  4). 

2.  Response  to  insulin  alone  and  in  eombination  with  eortisol  (Table  1) 

Late  prelaetatiug  explants  sliowed  extensive  breakdown  of  alveolar  struc¬ 
ture  following  culture  in  medium  containing  insulin  alone  at  concentra¬ 
tions  of  .5  Maintenance  of  alevolar  structure  was  obtained  after 

addition  of  cortisol  to  the  above  medium  in  concentrations  ranging  from 
1  to  oO  /ig  ml.  Insulin  concentrations  of  2.5  and  100  /ug/  ml.  in  combination 
with  8  MS/  of  cortisol  permitted  100%  explant  survival. 

Although  the  alveolar  structure  of  late  prelaetatiug  tissue  was  well 
maintained  in  appropriate  media,  there  was  a  definite  loss  of  secretory 
Mctivity.  The  alveolar  cells  showed  a  lo.ss  of  the  initially  vacuolated  state 


Fig.  .‘1.  Section  throusli  mammary  Kland  of  multiparous  female  two  weeks  after 
.caning.  Note  regressed  terminal  duct  and  single  alveolus  at  upper  left. 

Fig.  4.  Section  through  mammary  gland  of  multiparous  female  two  weeks  after 
veaning,  showing  cluster  of  incomidetely  regressed  alveoli. 
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Fig.  o.  Late  prelaetatiiin  lobular  explant  after  n  days  in  medium  eontaininn  insulii 
plus  eortisol  (lOO+S  ml.).  Note  inaetive  seeretory  ajipearanee.  rf.  Fin.  1:  loss  o 
vaeuolation  and  n'duetion  in  size  of  alveoli. 

Fig.  6.  Farly  jirelaetatinK  lobular  exjdant  after  5  days  in  medium  containing  insulii 
plus  eortisol  (100+8  /xg  ml.).  Note  inaetive  secretory  appearance,  maintenance  o 
initial  histology  (<■/.  Fig.  2). 
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TaBI.K  I.  R  KSIMIXSKS  OK  MorSK  MAMMAKY  TISSIKS  TO  INSI  l,l\  AM)  roHTISOI.  IN 
OR<iA\-<  r  I.TK  RK 
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t  Little  or  no  stainable  seeretory  material  was  observed  in  any  of  these  explants. 


(compare  Figs.  1  atul  5),  and  there  was  reduction  of  the  stainable  secre¬ 
tion  in  the  alveolar  lumina.  Many  of  the  alveoli  also  appeared  to  be  smaller 
after  explantation.  Thus,  insulin -bcortisol-supplemented  media  permitted 
alveolar  maintenance  of  late  prelactating  tissue  for  a  period  of  5  days, 
hut  the  tissues  resembled  those  from  a  less  advanced  stage  of  pregnancy. 

Early  prcladating  explants  retained  their  alveolar  integrity  to  some 
extent  in  medium  containing  5  /ag,  ml.  of  insulin  alone.  However,  early 
hreakdown  was  found  in  these  explants.  A  definite  improvement  in  alveolar 
structure  resulted  after  cultivation  in  the  presence  of  insulin  concentra¬ 
tions  of  o  Mg,  supplemented  with  cortisol  (5  to  oO  Mg/«il-)-  Fxplant 
structure  was  generally  poor  in  medium  containing  50  Mg  of  insulin, 
hut  addition  of  8  Mg/ oib  of  cortisol  provided  a  successful  medium  foi‘ 
alveolar  maintenance.  Cortisol  alone  (8  Mg/  lol-)  'vas  ineffective.  Alveoli 
also  were  maintained  by  exposure  to  insulin  doses  of  25  and  100  Mg,  od. 
in  combination  with  8  Mg  lol.  of  cortisol. 


Fig.  7.  XoiiprcKnant  explant  after  o  days  in  medium  eontaininK  insulin  plus  eorti.sol 
(’iD-F.tmK  ml.).  Xote  maintenance  of  repressed  picture. 

Fig.  S.  XonproKnant  explant  after  5  days  in  medium  containin>?  insulin  plus  cortisol 
(.’.■)-|-8  nd.).  (rf.  Fi^.  7.)  Kpithelial  components  are  reorganized  into  moderately 

'lilated  alveoli. 

Fig.  9.  Late  prelactating  lobular  explant  after  5  days  in  medium  “199”  without  added 
1  irmones.  Xote  breakdown  of  alveolar  structure  an<l  degeneration  of  vacuolated  alveo- 
1  r  epithelium. 
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Alveolar  structiire  was  iiol  only  maintained  in  tlie  ))resenee  of  insulind- 
eortisol-snppleinented  media,  hut  nidike  late  prelaetatinj?  explants,  tin 
initial  appearanee  of  the  alveolar  eells  of  early  prelaetating  explants  wa> 
retained  (eompare  Figs.  2  and  (>).  The  alveoli  usually  remained  small, 
the  alveolar  eells  were  non-vaeuolated,  and  secretory  material  was  eithei 
absent  or  present  in  small  amounts. 

Xonpregnant  explants  were  maintained  after  culture  in  all  of  the  in.sulin 
and  cortisol  combinations  listed  and  even  in  the  presence  of  insulin  aloiu 
(o  and  ")()  /ig  ml.).  Following  culture,  the  initial  picture  of  epithelial  involu* 
tion  was  either  retained  without  much  alteration  (hdg.  7),  or  alterations  in 
structural  organization  were  evident.  In  the  latter  instance,  the  alveoli 
were  reorganized  from  “collapsed”  forms  into  round  and  moderatel\ 
dilated  structures  (compare  Figs.  4  and  8). 

Small  amounts  of  serous-appearing  secretion  were  present  in  some  of  the 
alveolar  lumina.  However,  prior  to  explantation,  some  of  the  large  ducts 
and  alveoli  contained  finely  granular  .secretory  material.  After  cultivation, 
some  of  the  reformed  alveolar  clusters  superficially  resembled  the  lobulo- 
alveolar  structure  characteristic  of  early  prelactating  tis.sue,  but  there  were 
some  differences  in  detail.  The  number  of  cells  per  alveolus  of  nonpregnanl 
explants  appeared  to  be  fewer  than  in  early  prelactating  explants  (compare 
Figs.  8  and  (i).  In  addition,  the  alveolar  epithelium  of  nonpregnant  ex¬ 
plants  tended  to  be  flatter  than  in  early  prelactating  explants,  the  latter 
posse.ssing  low  columnar  epithelium. 

All  tissues  showed  extensive  breakdown  of  alveolar  structure  and  wide¬ 
spread  necrosis  in  ba.sal  .synthetic  medium  “199”  without  added  hormones 
(Fig.  9).  However,  despite  the  histologic  picture,  explants  of  normal  lobules 
cultured  in  the  absence  of  hormones  still  contain  enough  viable  cells  to 
allow  outgrowth  when  transplanted  into  gland-free  mammary  fat  pads  (15). 

d.  Response  to  pituitary  hormones  in  eombination  with  insulin  and  eortisol 
{Table  2) 

Late  prelaetating  explants,  after  culture  in  medium  containing  I-l-F-( 
MH-fSTH  (1004-8-|-5()-l-50  /ug  ml.,  respectively),  showed  not  only  alve¬ 
olar  maintenance,  but  also  preservation  of  the  .secretory  state  existing 
prior  to  explantation.  The  alveoli  were  highly  vacuolated  and  often  con¬ 
fluent  ;  the  stainable  colloid-appearing  secretion  in  the  lumina  was  abundan! 
and  appeared  to  be  more  den.se  than  in  the  initial  samples  (compare  Fig.-. 
1  and  10).  Some  degree  of  secretory  activity  occurred  when  the  dose  of 
MH-fSTH  was  increased  to  100-1-100  and  140-1-140  /xg/nil.,  but  the  alve¬ 
olar  structure  was  poor.  Omission  of  insulin  or  of  cortisol  from  the  4-hoi  - 
mone  combination  re.sulted  in  alveolar  breakdown.  These  data  .support  tip 
preceding  findings  that  both  insulin  and  cortisol  were  minimum  recpiirc- 
ments  for  explant  integrity. 


Fig.  10.  Late  prelactating  lobular  explant  after  5  days  in  medium  containing  1  +  ^ 
+  MH+STH.  Note  active  secretory  appearance. 

Fig.  11.  Early  prelactating  lobular  explant  after  5  days  in  medium  containii  g 
I  +  F+MH.  Note  active  secretory  appearance. 
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'rims,  “oi  jiaiiolypic”  maiiitniaiicc  of  I  Ik*  advanced  si'crctoiy  state  was 
ol)tained  in  the  piesenee  of  inaininotropin,  somatotropin,  insulin,  and 
'^•ortisol.  Although  the  secretion  in  the  alveolar  luinina  appeared  to  he 
more  ahundant  after  exposure  to  the  4-hormone  combination,  there  was 
no  une(iuivocal  indication  that  secretory  activity  was  advanced  beyond 
he  initial  level. 

Earijj  prclactating  tissue  cultured  in  the  presence  of  Id-F  +  MII-l-STlI 
100 4- 1^+100 +  100  jLtfj;  ml.,  respectively)  showed  evidences  of  secretory 
espouses,  but  the  alveolar  structure  was  generally  poor.  By  increasing 
he  MH+STH  concentrations  to  140  +  140  and  200+200  ^g,  ml.  and  keep¬ 
ing  the  I  +  F  concentrations  at  100+S  jug,  ml.,  respectively,  alveolar  struc- 
ure  was  improved  greatly.  However,  increasing  the  MH+STH  concen- 
rations  further  to  240+240  mS;  resulted  in  tissue  breakdown.  In 
another  instance,  cortisol  was  added  at  a  concentration  of  10  /xg,  ml.  and 
>upplemented  with  I  +  MH+STH  (100  +  140  +  140  /ug  ml.,  respectively). 
'Phe  two-fold  increase  in  cortisol  dosage  had  no  marked  effects  on  survival 
or  tissue  response. 

In  all  the  hormonal  combinations  permitting  alveolar  maintenance  in 
early  prelactating  tissue,  there  was  some  .stimulation  of  secretory  activity. 
Intracellular  vacuolation  was  evident;  colloid-appearing  secretion,  pre¬ 
dominantly  acidophilic,  was  present  in  the  alveolar  lumina;  the  alveoli 
became  greatly  distended  and  often  confluent.  The  concentrations  at 
which  the  .secretory  response  was  most  pronounced  were  I +  F  + MH+STH 
at  100+8+200+200  jug/ml.,  respectively.  Furthermore,  secretory  activity 
was  induced  by  either  MH  (200  /xg  ml.)  or  STH  (200  jug  ml.)  in  combina¬ 
tion  with  I  +  F  (100+8  jug  ml.,  respectively).  It  was  not  po.ssible  to  distin¬ 
guish  between  histologic  sections  of  early  prelactating  tissue  culture  in 
1  +  F+MH  (Fig.  11),  in  I  +  F+STH  (Fig.  12),  or  in  I  +  F  +  MH+STH 
(Fig.  18).  Omission  of  insulin  from  any  of  these  hormonal  combinations  or 
omission  of  corti.sol  from  the  4-hormone  combination  resulted  in  tissue 
breakdown.  Thus,  stimulation  of  .secretory  activity  in  early  prelactating 
ti.ssue  was  obtained  in  vitro  in  the  presence  of  a  pituitary  hormone  plus 
iii.sulin  and  corti.sol.  The  minimum  hormonal  combination  capable  of 


Fig.  12.  F.arly  prelactating  lobular  exiilant  after  .5  days  in  medium  containing 
i-t-F  +  STH.  Note  active  secretory  appearance. 

Fig.  13.  Early  prelactating  lobular  explant  aftc'r  iy  days  in  medium  containing 
d-F  +  MH-l-HTH.  Figs.  10,  11.  12,  and  13  .show  similar  lii.stologic  development. 

Fig.  14.  Xonixregnant  alveolar  cluster  after  n  days  in  medium  containing  1  -(-F  +  MII 
r-STH.  Xote  moderate  secretory  activity  and  small  amount  of  stainable  secretion  in 
dveolar  lumina. 
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stimulating  secretion  was  insulin  plus  cortisol  plus  either  mamniotropin 
or  somatotropin. 

Xonpregnanl  tissue  was  maintained  and  even  stimulated  to  some  secre¬ 
tory  activity  following  culture  in  -1-STH  (100-1- 140-}- 140 

/ig  ml.,  respectively).  Tissue  breakdown  resulted  when  either  insulin  or 
cortisol  was  omitted  from  the  4-hormone  combination. 

Characteristic  of  the  secretory  response  were  the  occurrence  of  many 
vacuolated  alveolar  cells  and  the  distention  of  many  of  the  alveoli.  Secre¬ 
tory  material  in  the  alveolar  lumina  was  present  as  stainable  (predomi¬ 
nantly  basophilic)  and  serous-appearing  material.  The  amount  and  density 
of  the  .secretion  did  not  approach  that  found  in  prelactating  tissue  following 
culture  in  the  presence  of  pituitary  hormones,  insulin,  and  cortisol  (Fig.  14). 
Xcverthele.ss,  some  .secretory  activity  was  initiated  in  some  nonpregnant 
tissue  in  culture. 

DISCUSSION' 

The  results  of  these  studies  indicate  that  the  respon.ses  obtained  in 
organ-cultures  of  mouse  mammary  ti.ssue  required  the  presence  of  insulin. 
The  primary  effect  of  insulin  appeared  to  be  the  maintenance  of  alveolar 
structure  for  the  5-day  culture  period.  Omission  of  in.sulin  from  hormonal 
combinations  otherwise  capable  of  producing  responses  re.sulted  con.sist- 
ently  in  breakdown  of  alveolar  structure,  accompanied  by  widespread 
necrosis. 

The  kinds  of  responses  obtained  in  vitro  were  dependent  upon  the  initial 
state  of  the  explanted  tissue  and  upon  the  specific  hormonal  treatment. 

Influence  of  Insulin  and  Cortisol 

Maintenance  of  the  initial  histology  of  early  prelactating  explants  by 
insulin  and  corti.sol  was  a  con.sistent  finding.  Kxplants  at  this  stage  pro¬ 
vided  particularly  favorable  material  for  determining  whether  additional 
hormonal  supplementation  would  induce  secretory  development. 

In  nonpregnant  explants  the  reorganization  of  the  regressing  paren¬ 
chyma  into  alveolar  clusters  presented  some  difficulty  in  interpretation. 
It  was  not  always  clear  whether  or  not  growth  proce.s.ses  were  involved. 
W’e  have  described  the  response  conservatively  as  ‘‘reorganization”  rather 
than  “growth”  for  the  following  reasons:  (1)  mitotic  figures  rarely  were 
found,  and  (2)  the  number  of  cells  per  alveolus  did  not  .seem  to  be  more 
numerous  after  culture.  The  general  absence  of  stainable  material  in  the 
lumina  suggests  that  the  dilatation  of  the  alveoli  may  have  resulted  from 
increa.sed  water  uptake.  Insulin  has  been  shown  to  increase  the  water 
content  in  organ-cultures  of  embryonic  limb-bone  rudiments  of  the  chick 
(16).  However,  the  possibility  that  some  cell  proliferation  had  occurred 
cannot  be  excluded,  in  view  of  previous  observations  that  insulin  ha.^ 
growth-promoting  effects  in  cell-cultures  (17-20)  and  in  organ-culture." 
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21,  22).  In.sulin  also  acts  synergistically  with  ovarian  steroids  to  stimulate 
uammarv  gland  growth  in  hvpophvsectomized-gonadectomized  rats  (2^1, 

The  mechanism  by  which  insulin  permits  alveolar  maintenance  of 
.nammary  tissue  iu  vitro  is  not  clear.  The  possible  nutritive  role  of  insulin 
,11  the  protein-free  medium,  “199”,  was  not  supported  by  the  experiments 
of  Elias  (5),  who  showed  that  the  beneficial  effects  of  insulin  could  not  be 
derived  from  bovine  serum  albumin  or  chick  nucleoprotein  fraction. 

The  effects  of  insulin  on  glucose  uptake  in  mouse  mammary  gland 
( rgan-cultures  have  been  studied  in  this  laboratory  by  Moretti  (2.5). 
Measurements  of  the  daily  glucose  depletion  from  the  medium  indicated 
that  glucose  uptake  by  normal  mammary  tissue  was  stimulated  by  dosages 
of  insulin  from  1  to  200  mS  n^l-  However,  stimulation  of  glucose  uptake 
may  be  only  one  of  several  factors  involved  in  the  maintenance  of  mouse 
mammary  tissue  by  insulin  in  vitro. 

The  contribution  of  cortisol  also  must  be  considered.  The  findings  that 
cortisol  alone  does  not  maintain  structural  integrity  in  vitro,  that  insulin 
alone  does  to  some  extent,  but  that  explant  integrity  was  most  consistent 
in  the  presence  of  both  hormones,  suggest  that  cortisol  enhances  the  main¬ 
taining  effect  of  insulin.  Doses  of  insulin  which  did  not  support  alveolar 
stiucture  could,  in  the  presence  of  cortisol,  maintain  prelactating  tissue. 
For  example,  o  /ug  ml.  of  insulin  alone  did  not  maintain  the  alveoli  of 
late  prelactating  tissue,  but  the  addition  of  1  MK/mh  cortisol  improved 
alveolar  structure,  and  the  addition  of  o  mS  nil.  resulted  in  100^  alveolar 
maintenance  (Table  2).  The  more  differentiated  the  normal  mammary 
tissue  in  the  direction  of  secretion,  the  greater  was  the  need  for  corti.sol 
in  addition  to  insulin  for  alveolar  maintenance  in  vitro. 

Our  observations  that  insulin  and  cortisol  were  the  minimum  hormonal 
requirements  for  consistent  alveolar  maintenance  of  mammary  tis.sue  ex¬ 
plants,  regardless  of  initial  state,  are  in  agreement  with  the  findings  of 
Idias  (6).  He  reported  that  survival  of  late  prelactating  mouse  mammary 
tissue  in  the  presence  of  insulin  alone  was  not  so  good  as  in  media  contain¬ 
ing  both  insulin  and  cortisol.  Trowell  (29)  reported  that  late  prelactating 
rat  mammary  tis.sue  survived  for  fi  days  in  synthetic  medium  containing 
insulin  as  the  only  hormonal  component.  However,  he  reports  the  occur¬ 
rence  of  necrotic  areas  and  reduction  in  the  amount  of  secretion.  The  use 
of  graded  doses  of  insulin  and  cortisol  has  provided  us  with  combinations 
in  which  necrotic  areas  (especially  central  necrosis)  are  completely  absent. 

influence  of  Pituitary  Hormones  plus  Insulin  and  Cortisol 

Whereas  late  prelactating  explants  responded  to  insulin,  cortisol,  and 
pituitary  hormones  in  a  manner  best  referred  to  as  “organotypic  main¬ 
tenance,”  early  prelactating  explants  were  stimulated  to  the  secretory- 
level  found  in  late  prelactating  tissue.  However,  the  optimum  concentra- 
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tions  of  MH  and  STH  for  this  stimulation  were  4  times  greater  than  those 
required  by  late  prelactating  tissue.  It  appears,  then,  that  tissues  from 
advanced  stages  of  pregnancy  are  more  sensitive  to  pituitary  hormone> 
than  are  those  from  earlier  stages,  or  that  the  hormonal  requirements  for 
stimulation  are  greater  than  those  for  maintenance  of  the  stimulated 
state.  The  finding  that  either  MH  or  STH  plus  insulin  and  cortisol  stimu¬ 
lated  secretion  is  in  agreement  with  in  vivo  results,  where  either  MH  or 
STH  plus  F  were  the  minimum  hormones  inducing  secretion  in  properly 
prepared  hypophysectomized-ovariectomized-adrenalectomized  C8H  Crgl 
female  mice  (27-29).  It  appears,  then,  that  adult  C3H  Crgl  mammary 
tissue  is  unable  to  distinguish  purified  ovine  mammotropin  from  bovine 
somatotropin  either  in  vitro  or  in  vivo  (27).  The  interchangeability  of  STH 
and  MH  is  not  indicated  for  the  mammary  gland  of  all  mouse  strains 
in  vivo  (30) ;  at  the  moment  it  is  established  in  vitro  only  for  our  C3H  strain. 

The  observation  by  hdias  and  Rivera  (7)  that  a  single  preparation  of 
MH,  along  with  cortisol,  stimulated  secretion  in  vitro  where  other  MH 
preparations  failed,  remains  to  be  explained.  That  two  MH  preparations, 
in  the  presence  of  F,  which  failed  to  stimulate  or  permit  survival  of  pre- 
lactating  tissue  in  vitro,  could  do  so  in  the  presence  of  insulin,  suggests 
that  the  single  effective  MH  preparation  previously  used  (7)  may  have 
contained  insulin-like  activity.  An  insulin-like  activity  of  .somatotropin 
has  been  described  (31),  and  it  is  possible  that  such  activity  may  exist 
in  certain  mammotropin  preparations. 

.\lthough  the  response  of  nonpregnant  explants  to  pituitary  hormones 
did  not  approach  the  level  of  secretory  activity  obtained  in  prelactating 
tissue,  the  results  show  that  normal  inactive  tissue  can  be  stimulated  to 
some  degree.  Thus,  in  the  presence  of  insulin  and  cortisol,  secretory  re¬ 
sponses  were  induced  in  mammary  epithelium  in  vitro  by  pituita.y  hor¬ 
mones.  The  absence  of  .similar  respon.ses  in  tissue  cultured  with  insulin 
and  cortisol  alone  indicates  that  mammotropin  and  somatotropin  were 
acting  specifically  as  “prelactogenic”  hormones  (stimulating  maximum 
secretion  without  formation  of  true  milk).  Furthermore,  as  seen  in  early 
prelactating  tissue,  the  “prelactogenic”  effect  occurred  with  either  mammo¬ 
tropin  or  .somatotropin,  in  synergism  with  in.sulin  and  corti.sol. 

The  failure  of  mammary  tissues  to  retain  their  histologic  structure  when 
either  insulin  or  corti.sol  was  omitted  from  hormone  combinations  permit¬ 
ting  .secretory  respon.ses,  indicates  that  MH  and  STH  were  not  directly 
involved  in  structural  maintenance.  It  .seems,  therefore,  that  insulin  and 
cortisol  provided  the  minimum  recpiirements  for  maintenance  of  alveolai 
structure  in  vitro  and  thereby  permitted  the  pituitary  hormones  to  exert 
their  influences.  True  lactation  (the  pre.sence  of  white  milk  in  the  alveoli) 
was  not  seen  in  any  of  our  experiments.  Determination  of  the  specific 
hormonal  and- or  nutritional  recpiirements  for  lactogenesis  in  vitro  has  yet 
to  be  done. 
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STEROID  HYDROXYLATION  IN  HUMAN  FETAL  AD¬ 
RENALS:  FORMATION  OF  16a-HYDROXYPROGES- 
TERONE,  17-HYDROXYPROGESTERONE 
AND  DEOXYCORTICOSTERONE* 
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ABSTRACT 

Slices  and  honioKcnatos  of  human  fetal  adrenals  incubated  with  proges- 
teron(‘-4-C'^  were  shown  to  possess  the  enzymes  necessary  for  converting  this 
to  deoxycorticosterone,  1 7-hydroxyprogesterone,  and  16a-hydroxyproges- 
terone.  The  amount  of  product  formed  depended  on  the  age  of  the  fetus  and  to 
some  extent  on  the  conditions  of  incubation.  The  experiments  suggest  that  21- 
hydroxylase  appears  later  in  development  than  16-  and  17-hydroxylases.  The 
possibility  that  androstenedione  may  be  formed  early  in  gestation  but  not 
later  in  gestation  is  suggested  by  the  experimental  results.  Similar  incubations 
with  acetate-2-C'^,  mevalonic  acid-2-C'^  or  cholesterol-4-C'^  yielded  no  de- 
t«‘ctable  radioactivity  associated  with  the  steroid  carriers. 

SEVERAL  attempt.^  have  been  made  to  determine  whether  the  human 
fetal  adrenal  posise.s.se.s  the  enzymes  nece.s.sary  for  the  formation  of  the 
.•steroid  hormone.s.  Extraction  of  the  adrenal  glands  has  yielded  materials 
with  the  chromatographic  characteristics  of  androstenedione,®  ll|8-hy- 
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®  .Vbbreviations  and  trivial  names  used  refer  to  the  following  chemical  substances; 
androstenedione  (4-androstene-3,17-dione),  1 1/3-hydroxyandrostenedione  (1 1/8-hydroxy- 
4-androstene-3, 1 7-dione),  dehydroepiandrosterone  (3/3-hydroxy-5-androstene-l 7-one) 

1 7-hydroxyprogesterone  ( 1 7a-hydroxy-4-pregnene-3,20-dione),  deoxycorticosterone  (21  - 
hydroxy-4-pregnene-3,20-dione),  corticosterone  ( 1  lj3,21-dihydroxy-4-pregnene-3,20 
dione),  corti.sol  (1 1/3-1 7,21-trihydroxy-4-pregnene-3,20-dione),  Reichstein’s  Substance  8 
(17,21-dihydroxy-4-pregnene-3,20-dione),  16a-hyflroxy  progesterone  (16a-hydroxy-4- 
pregnene-3,20-dione),  mevalonic  acid  (/3,  6-dihydroxy-/3-methylvalerie  acid),  TPN 
(triphosphopyridine  nucleotide). 
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Iroxyandrostenedione  aiul  dehydroepiandrosterone  (1).  Solomon  and 
i.anman  (2)  pooled  materials  from  the  incubation  of  many  fetal  adrenals 
nd  established  the  identity  of  IT-hydroxyprogesterone  and  androstene- 
lione  as  products  of  protest erone-4-C'^  metabolism.  Our  own  efforts  have 
1  een  restricted  to  the  incubation  of  imlividual  fetal  adrenals  with  both 
l  on-radioactive  and  radioactive  steroid  substrates  and  the  analysis  of  the 
])ioducts  by  chemical  and  physical  means.  We  have  been  concerned  with 
the  development  of  the  steroid  enzyme  .systems  as  gestation  proceeds  and 
the  effects  of  varying  incubation  procedures  on  the  patterns  of  steroid 
-vnthesis. 

The  previous  paper  in  this  .series  (8)  reported  experiments  in  which 
unlabeled  .steroid  sub.strates  were  used.  The  results  obtained  indicated 
tfiat  the  17,  21,  and  11  .steroid  hydroxylases  are  present  in  the  15  week 
fetal  adrenal.  There  was  no  evidence  of  8/3-ol  steroid  dehydrogenase  ac¬ 
tivity.  The  pre.sent  report  concerns  experiments  in  which  C-14  labeled 
.<abstrates  were  used  to  define  further  the  enzymatic  characteristics  of 
this  tissue  and  the  changes  that  may  occur  during  development. 

MATERI.\LS  .\ND  METHODS 

A  pparatus. — .\  Gilson  Volumetric  fraction  collector  was  used  to  collect  samples  from 
tlic  partition  column.  Samples  were  counted  at  infinite  thinness  in  a  thin-window  gas 
flow  proportional  counter  (Nuclear  ('hicago).  The  counting  was  continued  until  enough 
counts  had  accumulated  to  reduce  the  prohahh*  error  of  counting  to  less  than  3%. 
Tritium  was  counted  in  the  proportional  counter  with  the  window  nunoved.  I’ltravioh't 
ah.sorption  of  the  samples  was  determined  in  a  Beckman  DU  speetrophotomet<‘r  eom- 
paring  the  expcTimental  readings  from  220  m/x  to  200  m/i  with  those  of  standard  solu¬ 
tions  of  the  steroids  at  the.se  wavelengths. 

Countercurrent  distributions  were  performed  on  either  the  25  tube  all-steel  or  the 
.50  tube  all-glass  machine  made  by  H.  O.  Post  Scientific  Instrument  Co.,  New  York. 
Infra-red  analysis  of  reerystallized  derivatives  was  done  on  the  Perkin  Elmer  Infra-red 
Spectrophotometer.  A  Rineo  rotating  still  was  used  to  evaporate  all  organic  solutions 
under  vacuum. 

Solvents. — .\11  organic  solvents  were  redistilled  by  and  obtained  from  R.  .1.  ('urtis, 
Chemi.stry  Laboratory,  M.I.T.,  Cambridge,  Mass.  Pyridine  and  acetic  anhydride  were 
redistilled  immediately  before  use. 

Reagents. — The  following  radioactive  substrates  were  used;  progesterone-4-(''^, 
(30.7  /iC/mg.),  cholesterol-4-C'^  (16.5  /xC/ mg.),  mevalonic  acid-2-C'^  (1.94  pC/pim)\v), 
and  acetate-2-C'^  (0.56  /xC/mg.).  The  aeetate-2-C''^  was  obtained  from  Nuclear  ('hieago 
('orp.  The  other  radioactive  substances  were  obtained  from  New  England  Nuclear 
Corp.  TPN  (triphosphopyridine  nucleotide)  and  glucose-6-phosphate  were  obtained 
from  Sigma  Chemical  Co.  The  steroids  u.sed  in  these  e.\p(*riments  were  generously 
'applied  by  the  Upjohn  Company. 

Incubation  Procedure. — Human  fetuses  were  obtained  at  therapeutic  interruptions 
"f  pregnancy  and  the  adrenals  and  gonads  were  removed  immediatelj'  and  plaeerl  in 
cold  saline.  Within  20  minutes  of  the  time  of  the  operation,  the  tissue  was  homogenized 
in  phosphate  buffer,  pH  7.4,  containing,  per  ml.,  20  micromoles  K*",  ’.0  micromoles 

Ig"*^,  20  micromoles  Cl~,  and  40  micromoles  of  phosjihate.  .\li<iuots  of  the  homogenized 
material  equivalent  to  20  to  4(M)  mg.  of  adnmal  tissue  were  transfernal  to  incubation 
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vessels  itiid  (HU-  inicrocuric  of  proKi'stcroiic-d-f dissolved  in  propylene  yilyeol  wn 
added  to  tin*  vessel.  In  certain  ex|)(‘riinents  2.7  inieroinoles  of  'I  PX  and  24  inieroinolt 
of  >fluec»es-(»-pliosj)liate  were  addt'd  as  a  ’I'l’X  H-Keneratiiifi  .system.  Onr  previous  e\ 
periinents  (It)  had  shown  that  the  fetal  adrenal  has  a  very  active  }!;lueose-<i-phosphat 
d(*hydroK«*nase  system. 

The  vessels  were  shaken  in  a  eon.stant  temperature  hath  at  37°  with  air  as  the  na 
phase  for  periods  of  1  to  4  hours.  'I'lie  incubation  mixture  was  then  remove<l  and  storei 
in  the  frozen  state.  In  a  few  experiments,  adrtmal  slices  were  incubated  with  i)rojfe>- 
terone-4-(’'’  in  a  XaKP()4  bufTer  eontainiiif'.  i)er  ml..  St)  micromoles  Xa+,  40  micro 
moles  100  micromoles  ('1“,  and  40  micromoles  i)hosi)hati‘. 

Similar  experiments  were  performed  with  adrenal  hoimtumiates  usinn  acetate-2-('‘’ 
cholest,erol-4-(''^  or  mevalonic  acid-2-(''<  as  substrate. 

Extraction  and  Purijication. — The  following  steroids  were  added  to  the  incubation 
material  to  be  extracted  in  amounts  of  O.S  to  l.o  mu.  each:  androstenedione,  deoxycorti- 
cost**rone,  1 7-hydroxyi)roKest(‘rone.  1  l/j-hydroxyandrostenedione,  corticosterone,  and 
cortisol.  The  incubation  mixture  was  extractc'd  thna*  times  with  five  volumes  of  ethyl 
acetate,  follow(*d  by  thre«‘  I'xtractions  with  five  voluim's  of  acetone  and  three  with  five 
volumes  of  methanol.  'I'he  (‘xtra<'ts  were  pooh*d  and  evaporat(‘d  to  dryness  and  the 
r*‘sidue  was  partitioned  Ixdwecm  hexane  and  90%  methanol  10%  water,  using  a  fivi 
funnel  countercurrent  distribution  with  stripi)ing  (4).  .Vliquots  of  the  original  extract 
and  ali(piots  from  hexane  and  methanol  fractions  of  the  ])artition  were  counted. 

Chromatography. — 'I'he  methanol  fracti<tn  was  dried  and  chromatograj)hed  on  a 
Hyflo  Supercel  ))artition  column  (.5).  Ten  gm.  of  washed  Hyflo  Supercel  was  blended 
with  0  ml.  of  lower  (stationary)  jjhase  of  the  system:  2,2,4-trimethylpentane  90^,' 
methanol:  10%  water.  I'sing  upper  (mobile)  phase  the  Hydro  Supercel  was  made  into 
a  slurry  and  inanually  packed  into  a  glass  column  (O.S  cm.  diameter)  with  a  glass  word 
plug  at  the  bottcmi.  The  packed  column  was  equilibrated  by  allowing  the  mobile  j)hase 
to  drip  through  the  column  by  gravity  for  a  minimum  of  five  hours  before  use.  'I'lie 
rate  was  from  three  to  fiv«‘  ml.  per  hour. 

'I'he  dried  methanol  fraction  from  the  he.xane-90%  methanol  partition  was  di.s.solved 
in  0.18  ml.  (»f  the  stati»)nary  |)hase  of  the  system.  Washed  Hyflo  Superccd  (300  mg.)  was 
added  to  the  sami)le  and  tin*  material  carefully  ad.sorbed  on  the  Hyflo.  .V  slurry  was 
then  made  with  mobile  phase  and  the  samj)l(‘  was  transfernnl  to  the  pr(‘i)ared  column 
and  manually  packed  on  to))  of  it.  Mobile  phase  was  allowed  to  run  through  the  column 
and  1  ml.  fractions  were  collected.  .Vfter  100  fractions  w(‘re  collected,  gradient  elution 
was  begun  by  introducing  dichloroethane  into  the  upper  reservoir  (5).  (Iradient  elution 
was  continued  until  an  additional  300-350  fractions  were  collected. 

'I’he  effluent  fractions  w(‘re  allowed  to  evaj)orate  in  air  at  room  tempc'rature.  'I’he 
residue  was  dis.solv('d  in  5  ml.  of  ab.solute  methanol  and  aliquots  were  taken  for  count¬ 
ing  and  for  measun‘»nent  of  ultraviolet  absorption. 

'I’o  eliminate  the  po.ssiblity  that  the  radioactive  progestt'rone  used  as  substrate  might 
be  contaminated  with  other  radioactive  substances,  a  control  experinu'nt  was  per¬ 
formed  in  which  1  microcurie  of  progesterone-4-C'^  and  six  steroid  carriers,  undro- 
stenedione,  1 7-hydroxy progc'sterone,  deoxycorticosterone.  1  IjS-hydroxyandro.stenediom' 
corticosterone,  and  corti.sol.  wen*  carried  through  the  (*ntire  extraction,  purification 
and  (*hromatographic  j)roc(*dar(*.  Every  fourth  tube  from  0-400  was  analyz(*d  for  ah 
sorbanee  at  240  mp  and  for  radioactivity.  Xo  radioactive  iH*ak  was  found  (*xcept  : 
single  large  peak  in  the  progesterone  region  (tubes  40-00).  'I’he  steroid  carriers  s(*parate< 
well  from  one  another  and  were  completely  free  of  radioactivity.  Estimat(*s  of  r(*cover.\ 
revealed  that  from  80-90%  of  the  carrier  material  could  be  recovered  from  the  columi 
using  the  techniques  described.  There  was  no  difference  in  the  recoveries  of  individua 
steroids;  however,  the  more  polar  compounds  had  broader,  less  well  defined  |)eaks  thai 
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lie  iiitii-p<»l!ir  stcroifls.  As  liiiilo^ical  l■(llltr<)ls.  samples  o!  Iclal  liver  aial  fetal  placenta 
vere  ineul)ate(l  w  ith  pmnesterone- l-C"  as  deserihed  for  tlie  fetal  adrenals.  'I'lie  same 
)roeedur('s  of  ineuhation,  extraction,  purification,  ami  column  ( liromatofiraidiy  were 
ised  and  the  elution  patterns  are  shown  in  Fiffurc's  1  and  2.  'I'lie  elution  i)atterns  are 
listinetly  diffiTcnt  from  those  of  tin*  fetal  adrenals,  hut  the  radioactive  suhstanees 
orimal  have  not  yet  hecm  identified. 

RESULTS 

The  pattern  of  .steroid  .synthesis  in  human  fetal  adrenals  varies  with 
he  age  of  the  fetus,  the  conditions  of  incubation  (presence  or  absence  of 
ofactors),  and  probably  to  .some  extent  with  the  length  of  time  of  incuba- 
don. 

Table  1  pre.sent.s  data  on  the  maturity  of  the  fetuses  studied  and  the 
•onditions  of  incubation.  Specimens  I-III  were  arbitrarily  grouped  as  very 
oung  fetuses,  specimens  IV-VH  as  intermediate,  and  specimen  VIII  as 
an  older  fetus. 

Specimens  I  and  II  were  incubated  in  identical  fashion  and  the  incuba¬ 
tion  media  pooled  for  analysis.  Figure  3  shows  the  pattern  of  elution  from 
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Fig.  1.  ('hromatosram — fetal  liver.  .\ndrostenedione,  IL  Deoxyeortieosteroiu', 
'.  17-Hydroxyprogesterone,  D.  1 1/3-Hydroxyeorticosterone,  E.  Corticosterone,  F. 
'ortisol. 
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Fig.  2.  Chromatogram — total  placenta.  .V.  .Vndrostcncdioiie,  B.  Deoxycorticosterone, 
{'.  17-Hydroxyprogesterone,  I).  Cortisol. 


Table  1. 

.\r.E  Axn 

CONDITIONS 

OK  l.NCLBATIONS 

OK  KETAL 

ADRENALS 

Specimen 

(sex) 

F.W. 

(gm.) 

C.R. 

(cm.) 

(wk.) 

Incubation 

conditions 

Time 

(hrs.) 

.\dr.  wt. 
(mg.) 

Tissue 
wt.  (mg.) 

1 

4.0 

• 

+ 

4 

30 

30 

II 

5.5 

+ 

4 

20 

20 

III 

t 

4 

25 

25 

IV  (F) 

10.0 

* 

4 

215 

108  in  2v. 

V 

10.5 

t 

— 

3 

244 

126 

VI  (F) 

50 

10.0 

12 

* 

— 

1 

118 

118 

VII  (F) 

75 

10.0 

13.5 

— 

3 

278 

278 

vni  (.M) 

1385 

25 . 5 

25 

* 

- 

1 

3564 

370 

P\\V.  =  Fetal  weight 

=(iestational  .\ge 
C.K.=Crown  Rump  Ivength 
.\dr.  \Vt.=  Total  weight  of  both  adrenal.s 
Tissue  \Vt.  =  Weight  of  adrenal  tissue  per  incubation  ves.sel 
•  =  KMgP()4  BufTer 
t  =  NaKP()4  Buffer 
+  =TPX,  {Jlueose-6-P()4  added 
—  =  No  eofaetor 
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Fig.  3.  C’liromatoKram — Specimens  I  and  11.  .\.  .Vndrostenedione,  B.  17-Hydroxy- 
proKcsterone,  ('.  I  l/J-Hydroxyandrostenedione,  I).  Corticosti'roiu*.  'I'lx'  radioactive 
jieak  preceding  androstenedi’one  is  unaltered  jirogesti'rone-d-C’'^. 


column  partition  chromatograpliy  of  the.se  pooled  media.  This  was  the 
only  in.stance  in  which  radioactivity  appeared  in  the  androstenedione 
region.  The  contents  of  tubes  90  to  110  were  pooled  and  partitioned  in  a 
24  tran.sfer  countercurrent  distribution.  The  di.stribution  curves  for  radio¬ 
activity  and  ultraviolet  absorption  at  240  mu  coincided  and  two  crystal¬ 
lizations  of  the  radioactive  material  from  methanol  showed  constant  spe¬ 
cific  activity.  Though  there  is  some  evidence  that  the  radioactive  product 
is  indeed  androstenedione,  complete  proof  of  radiochemical  purity  hajs  not 
been  e.stablished. 

One  of  the  major  radioactive  materials  produced  by  the  early  fetal 
adrenal  is  as.sociated  with  the  17-hydroxyproge.sterone  added  as  carrier. 
\  second  major  radioactive  product  was  eluted  between  peaks  C  (11/3- 
hydroxyandro.stenedione)  and  D  (corticosterone)  and  has  been  termed  the 
X  peak.  Carrier  cortisol  (recovered  by  washing  the  column  with  methanol) 
had  a  small  amount  of  radioactivity  associated  with  it. 

Extraction  and  chromatography  of  the  incubation  medium  of  adrenals 
from  specimen  III  yielded  the  elution  pattern  shown  in  Figure  4.  The.se 
adrenals  had  been  minced  and  incubated  in  the  NaKP()4  buffer  with  added 
TPX  and  gluco.se-fi-phosphate.  In  contrast  with  other  incubations,  only 
very  small  amounts  of  radioactive  steroids  were  formed.  The  largest  amount 
of  radioactivity  coincided  with  the  17-hydroxy  progesterone  carrier.  In 
addition,  very  small  amounts  of  radioactivity  appeared  in  the  X  region 


vihLi;i:.  i-:n(;i:l.  lohinc  and  vii.lkk 


Voluuu'  6H 


TUBE  NUMBER 


□ 


I’h;.  4.  (’liromatoj^rain — Six-ciincii  III.  .ViidrostciK'dioiu',  II.  Dcctxycortico.stcroiu', 
('.  17-IIydr()xy])r()K(‘st»‘r(»nc,  I).  1  l/i-IIydroxyandrostciK'dionc,  I^  (’orticostcronc,  !•'. 


Cortisol. 


and  in  the  corticosterone  and  cortisol  rep:ions.  Because  the  progesterone 
and  androstenedione  peaks  in  this  elution  were  unusually  close  together, 
it  is  iinpo.ssihle  to  determine  whether  a  small  amount  of  androstenedione 
might  have  been  produced:  however,  it  is  clear  that  no  large  amount  of  the 
substance  appeared. 

These  experiments  provide  evidence  for  the  existence  in  the  adrenal  of 
the  very  young  fetus  of  enzymes  involved  in  .steroid  bio.synthesis.  In  con¬ 
trast  to  the  older  specimens,  these  adrenals  from  young  fetuses  may  form 
androstenedione. 

The  intermediate  group  of  fetuses  provided  an  opportunity  to  compare 
changes  in  patterns  of  steroid  synthe.sis  with  age,  presence  or  ab.sence  of 
cofactors,  intact  vs.  homogenized  cells,  and  with  length  of  incubation. 
.Vdrenals  from  specimens  V  and  \TI  were  treated  in  a  comparable  fashion 
except  that  the  adrenal  from  V  was  sliced,  leaving  the  cells  intact,  and 
the  amount  of  adrenal  tissue  incubated  was  less  (121)  vs.  27.S  mg.).  The 
elution  i)attern  from  the  incubation  of  the  homogenized  adrenal  (specimen 
VIl)  is  given  in  Figure  5.  Major  peaks  of  radioactivity  appear  in  the 
deoxycorticosterone,  17-hydroxy  progesterone,  and  X  regions.  No  radio- 
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activity'  appeared  in  association  with  carrier  cortisol.  The  elution  pattern 
of  specimen  V  differed  from  that  of  Figure  o  only  in  that  no  radioactivity 
appeared  in  the  deoxycorticosterone  region  and  a  large  amount  of  radio¬ 
activity  appeared  in  the  cortisol  and  corticosterone  regions.  Table  2  sum¬ 
marizes  the  amounts  of  radioactivity  appearing  under  the  respective  peaks 
for  the  materials  from  .specimens  V  and  VII.  These  findings  .suggest  that 
1 1-hydroxylation  recpiires  either  the  addition  of  cofactors  to  a  liomogenate 
or  the  presence  of  the  intact  cell  which  can  generate  these  cofactors. 

.Adrenals  from  specimens  VI  and  ATI  were  incubated  in  identical  fashion 
except  for:  1)  length  of  time  of  incubation  and  2)  the  amounts  of  adrenal 
lis.sue  incubated  (118  vs.  278  mg.).  Figure  0  gives  the  results  obtained  on 
incubation  of  the  adrenals  from  .specimen  VI.  This  pattern  differs  from 
that  of  Figure  5  only  in  that  the  radioactivity  in  the  corticosterone  region 
is  a  distinct  peak,  however,  it  does  not  coincide  exactly  with  the  carrier 
corticosterone.  Since  Reichstein’s  Substance  S  and  corticosterone  appear 
in  the  same  region  of  the  column,  it  is  pos.sil)le  that  this  radioactive  peak 
repre.sents  Substance  S.  Quantitative  ditl'erences  are  evident  in  the  17-hy¬ 
droxy  progesterone  and  X  region  (Table  2).  However,  when  homogenized 


Fig.  o.  t’hroinatograin — .Spcciinen  VN.  A.  .ViidrostciKHlione,  B.  Deoxycorticosterone, 
('.  IT-HydroxyproResterone,  D.  1  l/S-Hydroxyandrostenedione,  E.  (’orticosterone. 
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Fig.  ().  C'lironiatoKram — Specimen  VI.  X.  .Viulrostmiedione,  B.  Deoxye«)rtie()sterone. 
('.  IT-Hyilroxyproge.sterone,  D.  1  l/S-Hydroxyamlrostenedione,  K.  ('ortieosterone,  F. 
Cortisol. 

ti.s.sue  wa.s  incultated  without  added  cofactons,  no  radioactivity  appeared 
in  the  cortisol  region. 

Adrenals  from  specimens  IV  and  VII  were  incubated  similarly  except 
that  a  TPXH-generating  .system  was  added  to  the  former.  Much  less 
radioactivity  appeared  in  the  17-hydroxy  progesterone  area,  and  much 
more  in  the  X,  corticosterone,  and  corti.sol  regions  of  specimen  IV  (Table 
2).  The  ti.s.sue  from  .specimen  IV  was  divided  into  two  equal  portions  of 
lOS  mg.  each  and  incubated  in  separate  ve.ssels.  Each  ves.sel  contained  1 
microcurie  of  progesterone-4-C*^  and  added  cofactors.  After  incubation  the 
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*  These  fi({ure.s  represent  the  results  of  the  pooled  material  from  two  vessels  iiieuhated 
witF  108  mg.  adrenal  tissue  and  1  microeurie  of  progesterone-4-C‘*. 
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vessels  were  pooled  for  extraction  and  chromatography.  Although  twice 
the  usual  amount  of  radioactivity  was  present  in  the  beginning  of  the 
I  extraction,  the  amounts  of  radiocativity  in  the  X,  corticosterone  and 

cortisol  regions  were  much  greater  than  can  be  explained  by  a  simple 
doubling  of  the  precursor. 

The  conditions  of  incubation  of  specimen  IV  were  comparable  to  those 
of  the  younger  fetal  adrenals  (I  and  II),  since  both  had  TPNII-generating 
I  systems.  The  lack  of  radioactivity  in  the  androstenedione  region  in  all 

'  the  .specimens  of  the  intermediate  group  is  in  sharp  contrast  to  the  results 
,  found  in  the  adrenals  from  younger  fetu.ses. 

The  radioactive  materials  present  in  the  deoxycorticosterone,  17-hy- 
droxyprogesterone,  and  X  regions  were  identified  as  follows: 

Dcox  ycorti  coster  o  n  c 

The  contents  of  tubes  152-162  of  the  column  from  specimen  VII  were 
pooled  (34,600  cpm).  The  pooled  material  was  evaporated  and  partitioned 
in  a  24  transfer  countercurrent  distribution,  u.sing  the  system  90%  CCb :  10% 
CHCl3/80%  MeOH:20%  H.O.  The  amount  of  steroid,  measured  by 
ultraviolet  absorption,  and  the  radioactivity  of  the  .sample  were  plotted 
against  tube  number.  Though  there  was  good  correspondence  of  weight 
and  radioactivity,  the  .spread  of  the  values  made  it  impo.ssible  to  fit  the 
experimental  points  to  the  theoretical  normal  distribution  curve.  This  .sug¬ 
gested  that  the  sample  was  not  pure.  Tubes  6-18  of  the  distribution  were 
pooled,  16.3  mg.  of  deoxycorticosterone  were  added  as  carrier,  and  the 
material  was  twice  crystallized  from  methanol  (Table  3).  The  final  cry.stals 
were  acetylated  with  redistilled  acetic  anhydride  and  pyridine.  The  specific 
activity  of  the  derivative  agreed  with  that  of  the  recrystallized  deoxy- 
I  corticosterone.  The  infra-red  spectrum  of  the  deoxycorticosterone  acetate 

P  was  identical  with  that  of  an  authentic  .sample  of  deoxycortico.sterone  ace- 
l  tate. 

1 7-h  ydroxy  progesterone 

The  contents  of  tubes  168-178  of  the  column  from  specimen  VII  (Fig. 
5)  were  pooled  (79,800  cpm),  and  evaporated.  The  residue  was  partitioned 
in  a  24  transfer  countercurrent  distribution  in  the  system  70%  metha¬ 
nol  :30%  H2O/CCI4.  The  approximation  of  the  experimental  points  on  the 
I  distribution  curve  with  the  theoretical  curve  of  normal  distribution  by  the 

!  method  of  Baggett  and  Kngel  (6)  is  shown  in  Figure  7.  The  partition 

coefficient  for  17-hydroxy  progesterone  in  this  sy.stem  is  1.4,  0  =  2.41,  and 
the  av’erage  specific  activity  was  94,760.  The  plot  of  coded  .specific  activity 
[(log  S.A  — 4)XlO®]  again.st  the  tube  number  is  shown  just  above  this 
curve.  An  analysis  of  variance  of  the  values  within  ±20  cf  the  peak  gave 

1a  variance  ratio  of  0.0908,  which  provides  evidence  for  the  radiochemical 
purity  of  the  sample.  The  contents  of  tubes  10-18  of  the  distribution  were 
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pooled,  diluted  Avith  10. 6  mg.  of  carrier  17-hydroxyproge.sterone  and  the 
material  crystallized  three  times  from  methanol  (Table  R).  The  final 
crystals  were  oxidized  with  chromic  acid  and  the  steroid  derivative  was 
extracted  with  redistilled  ethyl  acetate.  The  extract  was  dried  on  a  rotating 
itill  and  chromatographed  on  a  o  gm.  Hyflo  Supercel  column.  The  material 
'luted  in  the  androstenedione  region  was  evaporated  and  analyzed  for 
iltra violet  ab.sorption  and  for  radioactivity.  The  specific  activity  of  the 
lerivative  is  shown  in  Table  3.  Because  of  insufficient  material  it  was 
impossible  to  recrystallize  the  androstenedione  further.  The  infra-red 
'pectrum  of  the  material  was  determined  and  found  to  match  that  of 
luthentic  androstenedione. 


Fig.  7.  'riicorcticiil  curve  of  iiorniiil  <lis- 
trihutioii  witli  expcriinc'ntal  |)<)ints.  Xor- 
inalizcd  radioactivity  rciircscnts  counts 
per  ininuti'  per  iuf>;.  sti'roid  divided  liy  tlic 
average  specific  activity. 


(Log  S  M  /O 


17  e(-HYOROXYPROGESTERONe 
srsreM- 

.  70%  Mf0M;30%H,0 


AV  S  A  *94,760 


rose  NUMBER 


X  region 

The  contents  of  tubes  201-219  of  the  column  from  specimen  \TI  were 
pooled  (3(),()00  cpm)  and  evaporated.  A  paper  chromatogram  was  pre¬ 
pared  with  samples  of  ll)3-hydroxyandrostenedione,  lOa-hydroxy proges¬ 
terone,  and  corticosterone  as  standards.  In  the  center  a  track  was  pre¬ 
pared  with  0.04  mg.  of  pure  Kia-hydroxyprogesterone  and  to  this  was 
added  the  material  from  the  X  region.  Other  experiments  which  will 
l)e  reported  later  had  indicated  that  the  material  in  this  region  might 
be  lOa-hydroxy progesterone.  The  chromatogram  was  placed  in  the 
modified  Bush  system,  ligroin : toluene  2:1  methanol : HjO  7:3,  and  the 
moving  phase  of  the  .system  was  allowed  to  drip  off  the  edge  of  the  paper 
(total  chromatographic  time,  10  hrs).  lljS-Hydroxyandrostenedione, 
lOa-hydroxy progesterone,  and  Reichstein’s  Substance  S  were  23.4,  1.5.4, 
and  11.0  cm.  from  the  starting  line  respectively.  Three  ultraviolet-absorb¬ 
ing  spots,  corresponding  to  these  three  standards,  appeared  in  the  unknown 
track.  This  fraction  of  the  column  effluent  would  contain  small  amounts 
of  .substances  from  the  adjacent  peaks  of  ll|3-hydroxy androstenedione,  and 
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Fig.  8.  ('hroniatogram — Spc'cimcn  VIII.  .\.  .VndrostcrKMlionc,  B.  Dc'oxycorticostiTonc, 
(’.  IT-HydroXypnigostiTonc.  1).  I  l/S-Hydro.xyandrostcni'dionc,  K.  CorticostiToiH'.  F. 
C'ortisol. 


cortico.sterone.  Tlie  Kia-liydroxyprogesteronespot  \vai<  eluted  with  absolute 
methanol  and  counted.  A  total  of  9,294  counts  per  minute  was  associated 
with  this  material.  The  spots  of  ll|3-hydroxyandrostenedione  and  cortico¬ 
.sterone  were  eluted  .similarly  and  counted,  the  former  having  4,200  counts 
per  minute  and  the  latter  having  28,000  counts  per  minute.  The  lOa- 
hydroxyprogesterone  material  was  evaporated  and  8.8  mg.  of  pure  IGa- 
hydroxy progesterone  was  added  as  carrier.  Two  crystallization.s  from 
methanol  showed  that  the  specific  activity  was  con.stant  and  the  crystals 
and  mother  licpiors  had  the  .same  specific  activities  (cry.stals,  1400  cpm 
mg.;  mother  liquor,  1490  cpm  mg.). 

These  experiments  provide  evidence  that  the  three  sub.stances  deoxy¬ 
corticosterone,  17-hydroxy  progesterone,  and  lOa-hydroxy  progesterone  are 
formed  in  substantial  (juantities  by  the  human  fetal  adrenal  at  least  as 
early  as  12  weeks  gestational  age.  With  intact  adrenal  cells  or  with  the 
addition  of  a  TPXH-generating  sytem  to  homogenates,  radioactivity  ap¬ 
pears  in  association  with  the  carriers  cortico.sterone  and  cortisol.  It  must 
be  emphasized  that  cortico.sterone  and  Heichstein’s  Substance  S  (17-hy- 
droxydeoxycorticosterone)  appear  in  the  .same  fractions  of  effluent  from 
the  column.  Thus  the  radioactivity  appearing  with  corticosterone  may 
actually  repre.sent  the  formation  of  radioactive  Substance  S  or  a  mixture 
of  Substance  S  and  corticosterone. 


AiiguKt,  l!)01  STEROID  HORMONE  IN  FETAL  ADRENALS  :i«)7 

Specimen  VIII  was  tlie  oldest  fetus  studied.  The  two  adrenals,  weighing 
:L56  gm.,  were  homogenized  in  KMgP04  buffer  and  aliquots  of  the  homoge¬ 
nate  were  incubated  under  various  conditions.  Alicpiots  incubated  with 
progesterone  or  17-hydroxyprogesterone  yielded  Porter-Silber  chromogens 
(3).  Figure  S  gives  the  results  of  incubating  an  alicpiot  of  the  homogenate 
with  progesterone-4-C'^  and  analyzing  the  products  by  column  chromatog¬ 
raphy.  Xo  cofactors  were  added,  hence  the  ab.sence  of  radioactivity  in  the 
cortisol  and  corticosterone  regions  is  not  .surpri.sing.  Radioactivity  appeared 
in  the  deoxycorticosterone,  17-hydroxyprogesterone,  and  16a-hydroxy pro¬ 
gesterone  regions.  Tritiated  aldosterone  was  added  as  a  carrier  to  the 
material  put  on  the  column.  The  labeled  aldosterone  appeared  in  a  peak 
just  following  corticosterone,  but  no  C'^  labeled  material  was  found  in  this 
legion.  This  is  evidence  that  aldo.sterone  was  not  synthesized  by  fetal 
adrenal  homogenates  in  this  experiment.  The  amount  of  radioactivity 
associated  with  deoxycorticosterone  was  distinctly  less  than  that  appearing 
in  the  12  to  lo  week  fetal  adrenals.  The  amount  of  Itia-hydroxyprogester- 
one  would  appear  to  be  about  the  same.  The  radioactive  materials  were 
identified  as  follows: 

Deoxycort  i  costero  n  e 

The  contents  of  tubes.  170-184  of  the  column  were  pooled  and  evapo¬ 
rated  (20,176  cpm).  The  material  was  partitioned  on  a  24  transfer  counter- 
current  distribution  using  the  system  90%  CCR:  10%  CHCl3/80%  MeOH : 
20%  H2O.  In  Figure  9  experimental  points  and  the  theoretical  normal 
distribution  curve  for  DOC  in  this  .system  are  plotted  against  tube  number. 
.\n  analysis  of  variance  of  the  v^alues  for  the  specific  activities  of  these 
samples  gave  a  variance  ratio  of  0.1716.  This  is  evidence  of  radiochemical 
purity. 


Fig.  9.  Theoretical  normal  distribution 
curve  with  experimental  points. 
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Fig.  10.  TlK^on^tiral  nonnal  distrihutioii 
curve  with  cx|)(Tiin(uital  points. 


The  materials  in  the  peak  area  were  pooled,  10.7  mg.  of  pure  deoxycorti- 
eosterone  Mas  added  and  the  mixture  Mas  crystallized  from  absolute 
methanol.  The  specific  activities  of  the  crystals  and  the  mother  liquor  are 
recorded  in  Table  R.  The  crystals  Mere  acetylated  and  the  specific  activity 
of  the  acetate  Mas  determined.  Both  crystals  of  the  deoxycorticosterone 
and  its  acetate  had  the  same  specific  activity,  and  the  infra-red  spectrum 
of  the  acetate  agreed  M'ith  that  of  authentic  deoxycorticosterone  acetate. 

/  7 -h  jjd  roxy  progestcro  n  c 

The  contents  of  tubes  190-200  of  the  column  from  the  experiment  M'ith 
.specimen  VIII  Mere  pooled  and  evaporated  (9S,:170  cpm).  The  material 
Mas  partitioned  in  a  50  transfer  countercurrent  distribution  using  the 
system  75%  methanol :25%  HjO  CCI4.  The  material  in  tubes  24-42  of  the 
distribution  Mas  pooled  and  .33.8  mg.  of  pure  17-hydroxyprogesterone  Mas 
added  to  the  material.  Table  3  presents  the  .specific  activities  of  the 
material  recrystallized  from  ab.solute  methanol.  The  final  crystals  Mere 
oxidized  M'ith  chromic  acid  and  the  andro.stenedione  separated  as  described 
previously.  The  specific  activity  (cpm,  gmole)  of  the  crystallized  andro- 
stenedione  agreed  uith  that  of  the  original  17-hydroxyprogesterone  (Table 
3).  This  provides  additional  evidence  for  identification  of  the  radioactive 
product  as  17-hydroxyprogesterone.  The  infra-red  spectrum  of  the  re¬ 
crystallized  andro.stenedione  agreed  M'ith  the  spectrum  of  authentic 
androstenedione. 

1 6a-hydroxy  progesterone 

The  contents  of  tubes  239-242  (“X”  region)  of  the  column  Mere  pooled 
and  dried  and  1  mg.  of  pure  Ifia-hydroxy progesterone  M  as  added  as  carrier. 
The  material  Mas  distributed  over  50  transfers  by  the  countercurrent 
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nu'tliod  usiii};  tlio  systoni  70  (MIsOH:;}!)  lloO/OO  (X’l,:10  ('IK’I:,. 

10  shows  tlic  approxiinalioii  of  llio  oxpc'rimoiital  j)oiuts  to  (ho  theoretical 
curve  of  iiorinal  distrihutioii  for  pure  lOa-hydroxyprosesteroiie.  Statistical 
analysis  of  the  data  save  results  suggesting  the  radiochemical  purity  of  the 
material  (variance  ratio  =  0.017:1).  The  contents  of  the  tubes  within  ±20  of 
the  peak  were  pooled,  10  mg.  of  pure  lOa-hydroxyprogesterone  was  added 
and  the  material  was  cry.stallized  from  methanol  (Table  11).  A  total  of 
lo.SOO  counts  was  present  in  the  material  when  first  crystallized.  The  first 
crystals  and  mother  licpior  contained  13,400  counts  (8o%  recovery  of 
radioactivity).  The  first  crystals  (<S,S00  counts)  were  recrystallized  from 
absolute  methanol  and  crystals  and  mother  licpior  contained  8,200  counts. 
The  second  cry.stals  (1,880  counts)  were  acetylated  with  redistilled  acetic 
anhydride  and  pyridine  and  the  acetate  when  recrystallized  contained 
1,900  counts  in  the  crystals  and  mother  licpior.  The  specific  activities  of  the 
crystalline  lOa-hydroxy progesterone  and  its  derivative  were  the  same 
within  experimental  error  (Table  3).  The  infra-red  spectrum  of  the  acetate 
derivative  was  identical  to  that  of  authentic  lO-acetoxy-progesterone. 

Similar  radioactive  experiments  in  which  homogenized  fetal  adrenals  were 
incubated  with  acetate-2-C'^,  mevalonic-2-C'^,  or  cholesterol-4-C‘^  failed  to 
yield  any  radioactive  material  in  the  regions  of  the  0  steroid  carriers  used 
in  the  progesterone  experiments. 

DISCUSSION' 

The  demonstration  of  the  production  of  17-hydroxyprogesterone  in  the 
human  fetal  adrenal  corroborates  the  work  of  Solomon  and  Lanman  (2). 
'Fhe  present  work  .suggests  that  17-hydroxylase  is  active  even  in  the  very 
youngest  fetus  tested  (PXgs.  3  and  4).  The  activity  of  the  enzyme  could  be 
demonstrated  in  incubations  of  either  ti.ssue  slices  or  homogenates  and  does 
not  require  the  addition  of  a  TPXH-generating  .system  (Figs.  5,  (5,  and  7). 
Previous  experiments  with  glucose-l-C'^  and  glucose-()-C'^  have  provided 
evidence  of  a  very  active  phosphogluconate  shunt  in  fetal  adrenals  (3) 
which  could  supply  the  retiuired  TPNH. 

Deoxycorticosterone  has  been  isolated  as  a  product  of  proge.sterone 
metabolism  by  Plager  and  Samuels  (7).  This  steroid  is  not  found  in  the 
blood  or  urine  of  the  normal  human;  however,  it  is  excreted  in  significant 
quantities  in  the  patient  with  the  hypertensive  form  of  adrenocortical 
virilism  (8).  In  these  experiments  with  the  human  fetal  adrenal,  deoxy¬ 
corticosterone  was  not  formed  prior  to  age  10  weeks,  it  appeared  in 
relatively  large  amounts  in  the  adrenals  of  fetuses  from  age  10-15  weeks, 
and  was  present  in  a  very  small  amount  in  the  adrenal  of  the  fetus  of  age 
25  weeks  (see  Table  4).  These  results  suggest  that  the  enzyme,  21-hydrox- 
ylase  is  ab.sent  (or  inactive)  in  the  early  weeks  of  gestation.  If  such  were 
the  ca.se,  pathway  1  (see  fXg.  11)  would  predominate  in  the  adrenal  of  the 
very  young  fetus.  If  the  activity  of  the  enzymes  forming  Substance  S  and 


370 


viLLKK,  kn(;i:l.  lorinc;  and  villkk 


Volume  6!) 


cortisol  (21 -hydroxylase  and  11 -hydroxylase)  were  diminished  (as  shown 
by  the  small  amount  of  radioactivity  associated  with  carrier  cortisol,  even 
with  the  addition  of  TPXH),  pathway  8  to  androstenedione  would  he 
favored.  One  could  thus  compare  the  very  early  fetal  adrenal  with  that  of 
the  patient  lacking  21 -hydroxylase  (usual  form  of  adrenocortical  virilism) 
and  consequently  accumulating  large  amounts  of  17-hydroxy  progesterone 
and  adrenal  androgens  (9). 

In  the  human  fetal  adrenal  21 -hydroxylase  activity  appears  to  reach  a 
maximum  from  about  10  to  15  weeks  gestation.  With  an  increase  in  the 
activity  of  pathway  2,  17-hydroxylation  may  he  diminished  and  thi.s  might 
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account  for  the  disappearance  of  androstenedione.  This  stage  of  develop¬ 
ment  of  the  fetal  adrenal  might  he  compared  with  that  of  the  patient  with 
the  hypertensive  form  of  adrenocortical  virilism  in  which  elevated  levels  of 
deoxycorticosterone  are  found  in  the  blood  and  urine  (8).  The  excretion  of 
adrenal  androgens  is  elevated,  however,  in  these  patients. 

The  adrenal  of  the  older  fetus  more  nearly  approaches  the  normal  adult 
level  of  production  of  deoxycorticosterone.  The  decrease  in  amount  of 
deoxycorticosterone  formed  in  the  older  fetal  adrenals  may  repre.sent 
increased  activity  of  pathways  from  deoxycorticosterone  to  corticosterone 
(ll-hydroxylation),  to  aldosterone  (18-hydroxylation)  or  to  other,  as  yet 
unknown,  products. 

This  grossly  oversimplified  picture  of  the  complex  metabolic  pathways 
of  steroid  biogenesis  should  serve  primarily  to  focus  attention  on  the 
importance  of  competition  of  various  enzymes  for  substrates  and  cofactors 
(such  as  TPNH),  and  to  reinforce  the  suggestion  that  certain  enzymes  may 
develop  at  a  later  time  than  other  enzymes,  changing  the  flow  of  materials 
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PATHWAYS  OF  STEROID  HYDROXYLATION 
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Fig.  11.  Pathways  of  Steroid  Hydroxylation. 


through  these  paths  of  steroid  biosynthesis  and  yielding  quantitative  and 
qualitative  differences  in  the  steroids  produced. 

Perhaps  the  mo.st  interesting  finding  is  the  demonstratetl  production  of 
Ifia-hydroxy progesterone  by  the  human  fetal  adrenal.  16-Hydroxylation  of 
estradiol  has  been  reported  in  human  fetal  liver  (10),  but  1 6-hydroxy lation 
of  progesterone  has  not  been  found  previously  in  human  tissue.  The  steroid, 
16a-hydroxyprogesterone,  has  been  found  as  a  product  of  progesterone 
metabolisminhogadrenal homogenates (11, 12).  1 6-Hydroxy lated  progester¬ 
one  derivatives  were  found  in  the  urine  of  a  patient  with  adrenocortical 
carcinoma  (13)  and  a  reduction  product,  3/3,  16a-dihydroxy-5a  pregnane- 
20-one,  has  been  isolated  recently  from  the  urine  of  patients  with  the 
salt-losing  form  of  adrenocortical  virilism  (14).  Bern.stein  (15)  has  discussed 
the  sodium  diuretic  properties  of  many  16-hydroxy  lated  steroids  Thus  the 
possibility  exists  that  16a-hydroxyprogesterone  is  the  elusive  “salt-losing 

I  hormone.”  Coppage  and  Liddle  (16)  reported  that  3/3,  16a-dihydroxy-5a 
pregnane-20-one  had  no  sodium  diuretic  effect  when  administered  to 
human  subjects.  Since  this  compound  is  a  reduction  product  of  16a-hydrox- 
yprogesterone,  and  therefore  quite  probably  inactive,  their  results  are  not 
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surprising.  If  because  of  a  genetic  lack  of  the  enzyme  (or  enzymes)  involved 
in  the  21-hy(lroxylation  of  17-hydroxy  progesterone,  these  pathways  are 
blocked,  alternative  pathways  of  metabolism,  possibly  involving  16-hydrox- 
ylation  of  the  progesterone  molecule,  would  become  more  active.  If 
Kia-hydroxyprogesterone  does  possess  sodium  diruetic  activity,  its  presence 
in  increa.sed  amounts  might  explain  some  of  the  clinical  symptoms  observed 
in  the  patient  with  .salt-losing  adrenocortical  virilism. 

Acknowledgments 

Wo  wish  to  thank  I’ntfossor  .lohii  Lind,  Dopartinont  of  I’odiatrios.  Karolinska 
Hosjjital.  an<l  Professor  (’arl  Sclimittorlow,  D(‘|)artinont  of  Pharniaoology,  KunKl. 
WdorinarhoRskolan  for  tludr  {{onorosity  in  providing  tin*  h'tal  sjx'oimons  and  the  lai)o- 
ratory  facilities  for  the  exiwrinients  in  Stoekholin.  We  would  like  to  express  onr  grati¬ 
tude  to  Dr.  Seymour  Bernstein  of  th(‘  Lc'derh*  Laboratories  and  Dr.  Harold  rpjohn  of 
the  r|)john  ('omi)any  for  providing  us  with  samples  of  authentic  I ()a-hydroxyi)ro- 
Kcsterone.  We  wish  to  thank  .MissXorma  Madeira  who  carried  out  the  infra-red  analyses 
and  Mrs.  MarKuerite  Cahoon.  Miss  Dana  (ledmintas  ami  Miss  (’elia  Hillman  for  their 
expert  technical  assistance. 


REFERENCES 

1.  Bloch,  K.,  K.  Bkxih.schkk  and  E.  Rosknbkkg:  Kndocrinologii  58:  ()2().  lOofi. 

2.  Solomon,  S.,  .1.  T.  Lanmax.  J.  Lind  and  S.  Likhkkman;  J.  Biot.  Chem.  233:  10S4. 
19.5S. 

.‘L  ViLLKK,  1).  B.,  L.  L.  Engkl  and  (’.  .V.  Villkk:  Hudocrinologi/  65:  465.  19.59. 

4.  Wkisigkr,  .1.  R.:  in  Organic  Analgsis,  Vol.  11.  Kd.  l)y  .1.  Mitchell,  .1.  M.  KolthofT, 
K.  S.  Proskauerand  WeissberKcr,  p.  277,  Interscience  Publishers,  Inc.,  Xew  York. 
19.54. 

.5.  Engkl.  L.  L.,  ('.  B.  ('amkron,  .V.  Stokkyn,  .1.  Alkxandkr,  O.  Klkin  and  X.  1). 

Trofimdro:  Anal.  Biocheni.  In  Press, 
b.  Baggktt,  B.  and  L.  L.  Engkl:  J.  Biol.  Chem.  229:  443.  19.57. 

7.  Plagkr,  .1.  E.  AND  L.  T.  Samukls:  Fed.  l*roc.  11:  3H3.  19.52. 

5.  hiBKRLKiN,  W.  R.  AND  A.  M.  Bongiovanni:  ./.  Clin.  Fndorrinol.  and  .Metah.  15: 
L531.  19.5.5. 

9.  Bongiovanni,  A.  M.  and  W.  R.  Ebkrlkin:  J.  Clin.  Fndorrinol.  and  Metah.  14: 
409.  19.54. 

10.  Engkl,  L.  L.,  B.  Baggktt  and  M.  Halla:  Biorhim.  et  Biophgs.  .\cta  30:  43.5.  19.5S. 

11.  Rao,  B.  (1.  AND  R.  D.  H.  Hkard:  .\rch.  Biocheni.  Biophijn.  66:  .504.  19.57. 

12.  Wktt.stkin,  A..  R.  Xkhkr  and  H.  .1.  I’rkch:  Heir.  Chini.  .\cta  42:  9.50.  19.59. 

13.  Hirschmann,  H.  and  F.  Hirschmann:  Fed.  Fror.  8:  200.  1949. 

14.  Xkhkr,  R.,  (’.  Mkystrk  and  A.  Wkttstkin:  Heir.  Chini.  .\cta  42:  132.  19.59. 

1.5.  Bkrnstkin,  S.:  Rec.  Frog.  Hormone  Res.  14:  1.  19.58. 

10.  ('oppAGK.  W.  S.  AND  (L  W.  Liddlk:  ./.  Clin.  Fndorrinol  and  .Metah.  20:  729.  1900. 


i:ffk(  ts  of  exogenous  androgen  on  sexually 

RESPONSIVE  AND  UNRESPONSIVE 
MALE  RATS' 


KICHAPI)  E.  WHALEN;^  FLANK  A.  BEACH  and 
ROBERT  E.  KUEHN 

Psijchological  Lnborntories,  Yale  (  nirersiti/,  S’eic  Haven,  Connecticut  and 
I'nivrr.'iitij  of  California,  Berkelcjj,  California 

ABSTRACT 

A  certain  propni  tion  of  any  j^roiip  of  male  rats  will  fail  to  initiate  sexual  be¬ 
havior  wluMi  testc'd  with  receptive  females.  These  males  have  Ix'cn  termed 
“non-eopnlators.”  In  the  pre.sent  study  the  sexual  responsiveiu'ss  of  castrated 
“eojndator”  and  “non-eopulator”  male  rats  to  inereasiiifj  levids  of  exogenous 
testost(‘rone  propionate  was  tested.  Hormone  dosc's  ranged  from  0  /an  to  200 
Mn/ldd  nin.  body  weinht.  .Vll  “eopulator”  males  eopulatecl  and  ejaculated  be¬ 
fore  or  at  the  90  /af?  andronen  level.  Only  one  of  the  six  “non-eopulator”  males 
initiated  matinn  during  the  exjx'riment,  and  none  ejaculate<l.  These  data  were 
interi)r('tt‘«l  to  mean  that  “eopulator”  and  “non-coi)ulator”  male  rats  diffc'r  in 
their  ability  to  make  use  of  eirculatinn  amlronen.  .Vdditional  data  indicate«l 
that  sexual  n'sponsiveness  is  directly  relatcfl  to  androneu  level,  and  that  the 
ejaculatory  proc(‘ss  is  minimally  related  to  the  hormone  dose. 

EXPIGUMENTICRS  invest igating  the  sexual  heiiavior  of  laboratory 
rats  have  found  that  every  colony  includes  a  certain  numl)er  of 
apparently  healthy  males  which  fail  to  copulate  when  placed  with  recep¬ 
tive  females  in  a  standard  testing  situation  (1,  2,  R,  4,  (>,  7,  IR,  lo,  Ki,  17, 
IS).  This  phenomenon  can  l)e  illustrated  by  coml)ining  the  results  of 
several  different  experiments  conducted  in  the  p.sychological  laboratories  at 
Vale  University  and  at  the  University  of  California. 

A  total  of  129  male  rats  were  observed  in  a  series  of  lO-minute  tests  with 
receptive  females.  The  cumulative  percentage  of  animals  acheiving  their 
initial  intromission  in  each  test  was  as  follows:  o4.3,  08.2,  75.2,  S2.9  and 
S().0  I'ixperience  has  shown  that  further  testing  might  result  in  the  exhibi¬ 
tion  of  copulation  by  a  few  more  males,  but  that  the  cumulative  curve  of 
responding  animals  reaches  asymptote  well  below  the  100%  mark. 
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The  percentages  presented  above  show  that  quite  a  few  males  which  fail 
to  copulate  in  the  first  test  succeed  in  doing  so  when  retested  several  days 
later,  and,  it  should  be  added,  once  mating  has  begun  it  continues  to  occur 
on  subsequent  occasions.  Failure  to  respond  sexually  in  initial  tests  seems, 
in  some  cases,  to  be  due  to  distraction  or  fear  generated  by  the  novelty  of 
the  testing  situation.  Repeated  exposure  to  this  situation  results  in  habitua¬ 
tion  to  its  nonsexual  aspects  and  permits  the  male  to  react  to  sexual  stimuli 
provided  by  the  estrous  female. 

There  are  at  least  four  possible  explanations  for  the  persistent  lack  of 
sexual  responsiveness  in  some  individuals  beyond  the  initial  tests. 

(1)  It  could  be  postulated  that  males  which  never  copulate  are  indi¬ 
viduals  that  never  become  sufficiently  adapted  to  the  test  situation. 
Opposed  to  this  interpretation  is  the  fact  that  during  later  tests  such  ani¬ 
mals  do  not  exhibit  the  signs  of  “nervousness”  or  “fear”  which  frequently 
characterize  the  behavior  of  males  that  fail  to  mate  in  early  tests  but  later 
succeed  in  doing  so. 

(2)  A  second  possibility  is  that  sexually  unresponsive  males  are  deficient 
in  the  secretion  of  te.sticular  androgen:  but  the  histological  normality  of  the 
accessory  reproductive  glands  of  these  individuals  argues  against  this 
explanation. 

(8)  Thirdly  it  might  be  supposed  that  although  they  secrete  normal 
amounts  of  androgen,  persistent  non-copulators  are  much  less  sensitive  to 
the  hormone  than  are  sexually  responsive  males.  It  is  conceivable  that 
central  nervous  mechanisms  which  are  normally  influenced  by  androgen 
are  refractory  in  the  non-copulating  male.  This  hypothesis  is  supported  by 
the  finding  that  some,  though  not  all,  “non-copulating”  male  rats  may 
begin  to  mate  after  being  injected  with  relatively  massive  doses  of  testo¬ 
sterone  propionate  (5,  9,  17). 

(1)  Finally,  it  may  be  that  the  neural  or  neuromuscular  mechanisms 
essential  for  mating  are  absent  or  incompletely  organized  in  those  males 
that  fail  to  copulate. 

The  present  experiment  was  designed  to  test  systematically  the  second 
and  third  of  these  explanations.  The  plan  was  to  select  copulating  and 
non-copulating  males,  castrate  them,  and  then  test  their  reactions  to 
receptive  females  under  the  influence  of  exogenous  androgen.  If  the  original 
lack  of  sexual  responsiveness  was  due  to  a  deficiency  of  endogenous  andro¬ 
gen,  then  the  amount  of  testosterone  propionate  which  would  produce 
copulation  when  injected  into  castrated  copulators  should  suffice  to  evoke 
the  same  response  in  former  non-copulators.  On  the  other  hand,  if  failure  to 
copulate  before  castration  was  due  to  relative  insensitivity  to  endogenous 
testosterone,  it  would  be  expected  that  larger  amounts  of  injected  hormone 
would  be  needed  to  evoke  postoperative  mating  in  former  non-copulators 
than  in  preoperative  copulators. 
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METHODS 

Subjects 

'I'lip  23  LoiiK-Dvans  rats  used  in  this  study  woro  selected  from  a  group  of  30  males  on 
the  basis  of  i)erformance  in  preliminary  mating  tests.  .\11  males  were  approximately 
ISO  days  old  at  the  time  of  the  initial  mating  test  and  weighed  433  gm.  on  the  average 
Subjects  were  maintaim'd  on  a  reversed  light-dark  cycle  and  nd  libitum  feeding. 

Selection  Tests 

The  males  were  divided  into  “copulator”  and  “non-c*)pulator”  groups  according  to 
l)erformanc(*  with  estrous  females  in  the  course  of  five  15  minute  mating  tests.  In  these 
tests,  which  were  conducted  at  one-day  intervals,  males  were  allowed  no  more  than  two 
intromissions  and  no  ejaculations.  If  a  male  achiev(*d  intromi.ssion  during  any  one  of  the 
five  tests,  In*  was  classified  as  a  “copulator.”  Males  which  fail(‘d  t«i  achieve  intromission 
during  at  least  one  of  the  five  tests  were  <4assified  as  “non-copulators.”  Eighteen  of  the 
30  males  (00%)  cojjulated.  A  random  samj)le  of  12  males  was  .selected  from  these  18  for 
experimentation.  The  “non-copulator”  group  consisted  of  12  males  which  did  not  re¬ 
spond  s(*xually  during  the  selection  tests. 

Castration  and  Androgen  Replacement 

Within  one  week  aftt'r  the  selection  tests  all  12  “copulators”  and  six  “non-copulators” 
were  castratecl.  Tin*  remaining  (5  “non-copulators,”  oiu'  of  which  died  during  the  ex¬ 
periment,  were  kejjt  intact  as  control  subjects  for  group  NC. 

Ib'ginning  two  weeks  after  gonadectomy,  testosterone  propionate  in  oil  was  ad- 
minist(*red  to  all  castrates  by  subcutaneous  injection.  On  days  1-6  hormone  was  ad¬ 
ministered  within  aj)proximately  one  hour  aft(*r  the  start  of  the  12-hour  dark  phase  of  the 
24-hour  cycle.  -Approximately  ttve  hours  aft(“r  the  injection  on  day  6,  each  S  was  given 
an  opportunity  to  mat(“  with  an  estrous  bunale.  Non-castrate,  non-injected  “non- 
copulators”  w(“re  tested  at  the  same  time.  On  <lay  7  no  hormone  was  administered,  and 
treatment  was  resuim'd  on  day  8.  The  seven  day  cycle  (i.e.  6  days  of  injections  followed 
by  om*  of  no  tn'atnu'nt)  was  repeated  with  a  st»'adily  increasing  dose  level  until  each 
male  had  ejaculated  on  three  consecutive  weeks,  or  until  it  was  judged  uidikely  that 
mating  would  occur.  The  doses  of  t(“stosterone  propionate  in  /xg,  100  gm.  body  weight, 
were  as  follows:  0,  2,  10,  15,  20,  25,  30,  35,  45,  60,  70,  80,  90,  100,  1 10,  and  200. 

Mating  Tests 

-All  tests  were  conducted  during  the  dark  phase  of  the  24-hour  cycle.  The  s*‘mi-circu- 
lar  observation  cages  in  which  mating  occurred  have  been  described  previously,  as  has 
been  the  procedure  for  bringing  .stimulus  females  into  weekly  estrus  (12). 

Three  minutes  before  the  start  of  a  test  a  male  was  placed  in  the  observation  cage. 
-At  the  end  of  the  adaptation  period  a  receptive  f(>male  was  introduced  and  mating  was 
allowed  to  occur  until  one  ejaculation  had  been  achieved,  or  until  15  minutes  had  pas.sed 
without  the  occurrence  of  an  intromission. 

The  occurrence  and  timing  of  mating  responses  were  recorded  by  E  on  a  constant 
speed  kymograph.  The  behavioral  measures  were  as  follows:  Mount  latency:  time  from 
the  introduction  of  the  female  until  the  male’s  first  mount  without  intromission;  Intro¬ 
mission  latency:  time  from  the  introduction  of  the  female  until  the  male’s  first  intro¬ 
mission;  Intromission  frequency:  number  of  intromissions  before  ejaculation. 

RESULTS 

In  the  course  of  the  nine  weekly  mating  tests  administered  to  the  control 
Ss,  4  of  the  o  intact  “non-copulator”  males  initiated  sexual  behavior.  Two 
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Fig.  I.  Cuimilativc  |)(‘rccntaK<‘s  of  two  }?roup.s  first  showiiiK  tliroc  difTi'ront  sexual 
resjioiises  at  diffiTiMit  levels  of  andronen  treatment. 


males  copulated  for  the  first  time  diirinc;  the  first  control  test,  one  copu¬ 
lated  on  the  second,  and  the  fourth  male  achieved  intromis.sion  dining 
test  3. 

Comparison  of  the  castrated  “copulators”  and  “non-copulators”  reveals 
that  the  two  groups  responded  differentially  to  exogenous  testosterone 
propionate.  This  is  shown  in  Figure  1  which'  represent.s  the  cumulative 
percentages  of  males  achieving  their  initial  (a)  mount  without  intromission, 
(h)  intromis.sion  and  (c)  ejaculation,  as  a  function  of  dose  level.  For  each 
measure  there  was  a  progres.sive  increase  in  the  proportion  of  the  “copula- 
tor”  group  which  re.sponded.  The  curxes  indicate  that  mounting  without 
intromi.ssion  was  the  respon.se  most  .sensitive  to  the  increase  in  hormone 
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level.  This  is  shown  by  the  fact  that  the  curve  representing  percent  of 
group  mounting  (Figure  la)  reached  100%  at  a  lower  dose  level  than  did 
the  other  two  curves.  The  curves  for  the  percent  copulating  and  percent 
ejaculating  were  nearly  coincident  over  their  course,  indicating  that  if  a 
male  achieved  intromission  in  a  particular  test  he  was  likely  to  continue 
copulating  until  ejaculation  occurred. 

Five  of  the  six  “non-copulators”  failed  to  exhibit  sexual  behavior  in 
response  to  testosterone  propionate,  even  though  the  dose  level  was 
brought  up  to  200  )ug/ 100  gm.  body  weight.  The  one  male  which  did  re¬ 
spond  mounted  the  female  for  the  first  time  at  a  hormone  level  of  00 
ng  and  achieved  intromission  at  the  90  /xg  level,  but  never  ejaculated. 

DISCUSSION' 

Results  of  this  experiment  raise  several  pressing  questions.  (1)  Why  did 
four  of  the  five  unoperated  “non-copulators”  eventualh'  begin  copulating? 
The  most  likely  explanation  seems  to  be  that  these  were  animals  which 
were  relatively  slow  in  becoming  habituated  to  the  observation  cage  and 
the  testing  procedure.  Furthermore  it  is  obvious  that  individuals  differ  in 
the  ease  with  which  they  become  sexually  aroused,  and  it  seems  probable, 
as  suggested  by  Beach  (8)  that  males  exhibiting  different  degrees  of  sus- 
ceptibitlity  to  sexual  arousal  can  be  assigned  different  positions  on  a 
unidimensional  scale. 

Rplativoh’  inexcitable  individuals  fall  along  the  lower  portions  of  this  seale.  At  the  oj)- 
posite  extreme  .  .  .  belong  those  males  in  which  sexual  excitability  is  cpiite  high.  Be¬ 
tween  these  two  end  points  are  found  the  majorit}'  of  inexperienced  males  disi)laying 
average  degrees  of  excitability,  .\lthough  present  knowledge  permits  only  the  assumj)- 
tion  that  such  variation  does  exist,  it  seems  likely  that  careful  investigation  of  a  large 
population  of  inexperienced  males  would  reveal  a  normal  distribution  of  excitability, 
with  a  mean  falling  near  the  center  of  the  .  .  .  scale,  (p.  176) 

According  to  this  point  of  view,  most  of  the  “non-copulators”  in  the 
present  experiment  might  be  thought  of  as  belonging  perhaps  1.5  to  2.0 
standard  deviations  below  the  mean  on  a  scale  of  sexual  excitability.  Males 
failing  to  copulate  under  any  circumstance  would  belong  even  lower  on  the 
scale.  That  such  males  exist  is  suggested  by  the  fact  that  .some  intact 
“non-copulators”  fail  to  mate  despite  the  administration  of  exceedingly 
large  amounts  of  testosterone  propionate  (5,  9,  17). 

(2)  Since  four  of  the  five  intact  “non-copulators”  began  to  copulate 
after  repeated  testing,  why  did  five  of  six  castrates  fail  to  do  so?  Unle.ss 
this  difference  is  attributed  entirely  to  chance,  it  must  be  referred  to  some 
effect  of  the  operation  and  subsequent  hormone  treatment.  It  is  to  be 
expected  that  castration  would  drastically  reduce  sexual  excitability,  but 
the  amounts  of  androgen  administered  during  the  latter  stages  of  the 
experiment  were  more  than  enough  to  compensate  for  loss  of  the  gonads, 
and  certainly  exceeded  greatly  the  normal  output  of  testosterone.  It  is 
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possil)le  that  the  procedure  of  starting  with  a  very  low  dose  and  gradually 
increasing  it  had  an  inhibiting  effect  upon  the  response  to  the  higher  levels 
reached  toward  the  end  of  the  experiment. 

(3)  One  castrated  “non-copulator”  eventually  began  to  copulate  under 
the  influence  of  testosterone  propionate  injections,  but  only  after  the 
administration  of  much  more  hormone  than  was  needed  to  restore  sexual 
behavior  in  the  “copulator”  group.  Why  was  this  the  case,  and  why  did  the 
“non-copulator”  fail  to  ejaculate?  The  finding  that  more  androgen  was 
needed  to  stimulate  sexual  activity  in  the  “non-copulator”  is  in  accord 
with  the  hypothesis  that  males  of  this  type  are  less  responsive  to  the 
hormone  than  are  “copulators.”  The  absence  of  ejaculation  suggests  that 
the  threshold  for  this  response  is  higher  than  the  threshold  for  copulation. 

The  evidence  points  to  the  conclusion  that  “copulator”  and  “non- 
copulator”  males  differ  in  their  ability  to  make  use  of  exogenous  androgen. 
Such  a  difference  could  reflect  differential  sensitivity  of  critical  “target 
tissues,”  or  it  could  result  from  a  difference  in  the  rate  at  which  the 
hormone  is  metabolized  or  deactivated.  Present  findings  provide  no  basis 
for  choosing  between  these  two  alternatives.  The  results  of  this  experiment 
are  contrary  to  the  hypothesis  that  the  difference  between  copulators  and 
non-copulators  is  due  solely  to  differences  in  the  production  of  testosterone. 
This  is  in  harmony  with  the  conclusion  of  Beach  and  Fowler  (10)  to  the 
effect  that  individual  differences  in  the  sexual  performance  of  male  rats  are 
due  to  a  coml)ination  of  factors,  of  which  testosterone  level  is  probably  one. 

In  addition  to  the  planned  comparisons  between  the  experimental  groups 
which  have  been  discussed,  certain  changes  over  time  in  the  performance  of 
the  “copulator”  group  are  worth  noting.  In  this  experiment  100%  of  the 
“copulators”  exhibited  ejaculation  only  after  the  hormone  level  had 
reached  90  )ug  100  gm.  body  weight  (Figure  Ic).  Since  at  that  point  in 
testing,  the  average  body  weight  for  the  group  was  approximately  oOO  gm., 
each  “copulator”  male  was  receiving  about  450  mS  of  testosterone  propio¬ 
nate  on  each  of  the  six  days  preceding  the  mating  test.  This  dosage  is  0-9 
times  larger  than  the  dose  Beach  and  Holz-Tucker  (11)  found  necessary  to 
maintain  castrated  rats  at  pre-operative  levels  of  sexual  performance. 
These  workers  began  hormone  administration  shortly  after  gonadectomy, 
and  used  dosages  considerably  in  excess  of  the  beginning  dose  in  the 
present  study.  It  is  possible  that  allowing  three  weeks  for  the  dissipation  of 
endogenous  hormone  and  then  slowly  increasing  the  amount  of  amount 
of  androgen  administered  reduces  the  effectiveness  of  larger  doses  when 
they  are  eventually  employed.  Alternatively,  the  different  results  of  the 
two  experiments  may  be  due  to  differences  in  the  strains  of  rats  used  as 
subjects. 

Even  though  the  “copulator”  males  did  not  mate  at  as  low  a  hormone 
level  as  previous  reports  would  indicate  to  be  adequate,  present  results  do 
replicate  earlier  findings  in  some  respects.  As  is  shown  in  Table  1,  mount 
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.\b'a.«iurc 

First 

relevant 

test 

Third 

cjaculatitin 

test 

Proportion 
of  group 
changing 

p 

Median  .Mount  i 

Latency  (sec.) 

72.0 

9.0 

11/12 

decrease 

<  .001 

.Median  Intromission 
Latency  (sec.) 

KiO.O 

17.0 

10/12 

decrease 

<  .02 

Mean  Intromissions 

Meforc  Fjaculation 

7  2 

8.:f 

1 

7/12 

iiicreaso 

not  signif. 

First  relevant  test  refers  to  the  first  test  on  which  the  measure,  e.tJ.,  mount,  occurred  for 
the  first  time.  Probability  values  were  determined  by  the  sign  test. 


and  intromission  latencies  decreased  from  the  first  test  on  wliich  mounting 
or  intromis.sion  occurred  to  tlie  third  test  on  which  ejaculation  occurred. 
That  is,  as  testosterone  propionate  level  increased,  latencies  decreased.'* 
These  data  parallel  the  findings  of  Beach  and  Holz-Tucker  (11)  who 
noted  that  for  groups  receiving  different  amounts  of  androgen  there  was  a 
marked  inverse  correlation  between  dose  level  and  response  latency.  This 
is  also  related  to  the  finding  of  Beach  and  Fowler  (10)  who  reported  an 
inver.se  relation  between  dose  and  latency  for  different  individuals  receiving 
diff  erent  amounts  of  hormone. 

The  only  finding  not  congruent  with  earlier  reports  concerns  the  fre- 
(piency  of  intromi.ssions  preceding  ejaculation.  Beach  and  Holz-Tucker 
(11)  stated  that  when  the  androgen  do.se  was  increased  from  approxi¬ 
mately  9  MS,  Iffff  fo  MS,  IffO  intromission  fre(|uency  before 
ejaculation  increa.sed  from  9.3  to  11.1  (p<.01).  Pre.sent  data  showed  no 
stati.stically  significant  increa.se  in  intromis.sion  frecjuency  when  the  aver¬ 
age  increa.se  in  testosterone  level  was  19.2  mS  100  (Table  1).  In  fact, 
5  of  the  12  males  in  the  group  showed  either  no  change  or  a  decrease  in 
intromission  frefiuency  as  do.se  increa.sed.  In  addition,  there  was  no  corre¬ 
lation  between  intromi.ssion  frequency  before  ejaculation  and  the  dose 
level  at  which  ejaculation  first  occurred.  That  is,  males  which  ejaculated 
for  the  first  time  at  the  90-100  mR  androgen  level  did  not  achieve  more  in- 
t romls.sions  before  ejaculation  occurred  than  did  males  which  ejaculated 
for  the  first  time  at  the  20-30  mR  level. 

The  data  in  Table  1  therefore  support  the  conclusion  that  .sexual  re¬ 
sponsiveness,  as  measured  by  mount  or  ifitromis.sion  latency,  is  directly 
related  to  the  level  of  circulating  testosterone  propionate.  In  contrast, 
although  a  certain  concentration  of  androgen  is  essential  to  the  occurrence 
of  ejaculation,  the  administration  of  additional  amounts  of  hormone  has 
no  effect  upon  the  ejaculatory  proce.ss. 

^  It  should  be  noted  that  in  these  comparisons  the  inenaise  in  androgen  level  is  con¬ 
founded  with  the  number  of  matiiiK  tests  Kiven.  Changes  in  latency  do  occur  with  re¬ 
peated  tests  for  intact  males  hut  the  changes  are  not  of  the  magnitude  found  here  (19) 
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DISTRIBUTION  OF  GONADOTROPHIC  AND  ADRENO- 
(’ORTICOTROPHK'  ACTIVITY  IN  THE  ANTERIOR 


PITUITARY  GLAND  OF  THE  MALE  RAT^ 

JACOB  KRAICEB  and  JOHN  LOGOTIIETOPOULOS 

Bonting  nnd  Best  Department  of  Medieal  Research,  I'niversitg  of  Toronto, 

Toronto,  Ontario,  Canada 

ABSTRAC'T 

(Jonadotropliic  and  AC'TH  activity  were  assayed  in  a  segment  of  tlie 
pituitary  rich  in  peripheral  gonadotrophs  (delta  cells)  and  in  an  area  almost 
devoid  of  this  type  of  cell.  The  region  rich  in  delta  cells  was  found  to  contain 
three  times  the  gonadotrophic  activity  and  one-third  the  ACTH  activity  of  tin* 
region  |)oor  in  delta  cells.  Thus  the  delta  cells  are  the  site  of  gonadotroi)hin  and 
not  of  .XC'd'H  i)roduction. 

Till*',  cellular  site  of  gonadotrophin  and  thyrotrophin  production  in 
the  anterior  pituitary  of  the  male  rat  is  now  fairly  well  established 
mainly  through  a  series  of  oltservations  by  Purves  and  Griesbach  (1,  2, 
4,  5,  G).  Three  types  of  basophils  or  PAS  po.sitive  cells  are  recognized. 
FSH  is  thought  to  be  produced  by  the  oval,  PAS  positive,  aldehyde- 
fuchsin  negative  peripheral  gonadotrophs  (delta  cells)  which  are  concen¬ 
trated  in  the  two  lateral  ridges  on  the  supero-anterior  surface  of  the  an¬ 
terior  pituitary  (“sex  zone”)  (1,  4,  .5,  7,  8,  9).  The  LH  (ICSII)  producing 
P.\S  positive,  aldehyde-fuchsin  negative  central  gonadotrophs  are  thought 
to  be  more  widely  dispersed  (4,  o,  7,  8,  9).  The  PAS  positive,  aldehyde- 
fuchsin  positive,  angular  TSH  producing  cells  (thyrotrophs  or  beta  cells) 
are  located  centrally  (1,  2,  3,  G,  8,  9,  10). 

A  large  body  of  investigation  on  both  animal  and  human  pituitaries 
points  to  the  basophils  as  the  site  of  ACTH  production  as  well  (11,  12, 
13,  14,  lo,  IG).  In  order  to  further  investigate  the  problem  of  ACTH 
localization,  the  gonadotrophin  and  ACTH  content  of  the  “sex  zone” 
lias  been  as.sayed  against  an  area  almost  devoid  of  delta  cells. 

M.\TERIALS  AND  METHODS 
Distribution  of  Peripheral  Gonadotrophs: 

Horizontal  .serial  sections  were  prepared  from  several  male  rat  pituitaries  and  stained 
by  the  P.\8  technique  (17).  From  these  serial  sections,  using  a  camera  lucida,  paraffin  re¬ 
constructions  were  made.  The  distribution  of  the  delta  cells  as  well  as  the  areas  almost 
<levoid  of  delta  cells  were  outlined  on  these  reconstructions.  model  of  the  pituitary  was 
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Fui.  1.  Adult  malt'  rat  jtituitary  witli 
potitorior  pituitary  removed,  vieweti  from 
above  and  laterally.  The  areas  used  for 
bioassay  are  demonstrated. 


thus  eonstrueted  Kivinn  a  three-dimensional  representation  of  the  distribution  of  the 
delta  cells,  allowing  an  exaet  samplinf!;  of  zones  in  fresh  pituitaries. 

Preparatioti  of  PUuitanj  Kxtrads: 

Pituitari(‘s  were  obtained  from  male  rats  of  the  Wistar  strain  weiKhing  200-240  sni-, 
kept  in  the  animal  room  ami  handled  twiee  or  tlirta*  times  daily  for  at  least  one  week 
prior  to  assay.  The  rats  were  injected  intrap(>ritoneally  with  Nembutal,  returne<l  to 
their  cages  until  completely  anaesthetized  and  then  transported  to  the  laboratory. 
While  under  general  anae.sthesia,  they  were  deeapitatt'd  with  a  guillotine.  The  top  of  the 
skull  and  brain  were  remov(*d,  the  superior  capsule  of  the  pituitary  dissected  free  with  a 
No.  19  I5"  needle,  and  the  posterior  pituitary  carefully  detached  and  separated  with  the 
same  needle.  The  base  of  the  skull  was  then  cut  away.  This  bony  plate  (with  the  pitui¬ 
tary  still  in  situ)  was  then  transferred  to  the  stage  of  a  freezing  microtome  and  froz(‘n 
with  CO2.  The  time  interval  between  decapitation  and  freezing  was  I-I5  minutes.  The 
“sex  zone”  segment  was  obtained  by  a  free  hand  cut  using  a  razor  blade  along  each  su- 
pcTo-anterior  lateral  ridge  (see  Fig.  1).  An  underl.ving  intermediary  zone  was  dis- 
card(*d.  .\  s('gment  of  the  region  poor  in  delta  cells  was  then  obtained,  leaving  pituitary 
tissue  inferiorly  still  attached  to  bone.  The  segments  wen'  transferred  b(>fore  thawing, 
using  a  fiiu'  brush,  to  i)re-weighed  squan's  of  parafilm  0X0  mm.,  weighed  with  a  micro¬ 
torsion  balance*  to  the  nearest  0.05  mg.  and  (juickly  transferred  on  the  parafilm  squares 
to  the  extraction  tubes.  Samples  from  at  least  ten  anterior  pituitaries  were  pooled  for 
each  assay.  Fach  “sex-zone”  fractiem  weighed  approximately  0.5  mg.,  each  delta  cell- 
poor  fraction,  api)roximately  1.5  mg. 

Tissue  for  use  in  the  gonadotrophin  assay  was  transferred  to  15  cc.  conical  centrifuge 
tubes  contaiiung  1  cc.  normal  saline  and  a  few  grains  of  sand.  The  samples  were  then 
ground  with  a  glass  rod  rounded  at  one  end,  the  rod  then  washed  with  0.5  cc.  normal 
saline.  The  tubes  were  allowed  to  staml  at  room  temperatun*  for  one-half  hour,  then 
stored  in  a  deep  freeze  for  2-3  days.  On  the  day  of  assay,  the  samples  were  thawed  at 
room  temperatun*,  adjusted  to  a  pre-determined  volume  with  normal  saline,  and  al- 
h)wed  to  stand  for  two  hours.  The  supernatant  was  then  removed  with  a  long-nosed 
pil)(*tt(*.  ready  for  assay.  .V  similar  procedure*  was  followed  in  preparing  the  extracts  for 
the  .\(’TH  assay,  except  that  the  pituitaries  wen*  transferred  to  0.1  X.  HC’l  ami  ad¬ 
justed  to  0.01  X.  H('l  on  the  day  of  as.say. 

Volumes  were  adjusted  so  that  (*qual  volumes  would  be  u.sed  for  injection  from 
both  zones. 

Gonadotrophin  Assap: 

\  modification  of  Klinef(*lter’s  (IH)  assay  was  used  in  which  the  increase  in  uterine 
weight  of  immatun*  female  mice  is  the  criterion  for  gonadotroj)hic  j)otency.  Intact 
immature  f(*male  mice  of  the  ('-F  #1  .strain,  weighing  10-12  gm.  were  used.  .After  a  series 
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TaBLK  1.  (ioNADOTROl’HI.V  ASSAY  OK  ANTERIOR  I'lTl  ITARY  TISSI  E 


Anterior  pituitary  (mg.  fresh  tissue) 


Zone  rich  in  delta 

1  cells 

Zone  poor  in  delta 

cells 

0.020 

0.033 

0.01)0 

0.000 

0.100 

0.180 

11.3 

:39.ti 

05.2 

15.2 

:38.3 

.58.3 

Uterine  weight 

14.9 

:34.o 

.58.3 

18.0 

41.0 

04 . 7 

(nig.) 

13.0 

40.2 

08.4 

17.1 

:}9.0 

00 . 2 

13.1 

42 . 7 

52 . 7 

10.0 

40.2 

01  .5 

b 

=  100.41 

1)  = 

=  95.70 

I’oteney  ratio; 


Delta  (U-11  Rieli 
Delta  Gell  Poor 


Sk=3.()8 

X  =  0.0:375 

05%  eonfideiice  interval:  ‘2.()7-:3.00 


of  jirelimiiiiirv  assays,  a  three  point  dose  l(‘vel  for  each  extract  was  clio.seii  which  gave 
(1)  a  linear  log  dose-response  curve.  (2)  similar  quantitative  respon.ses  for  both  zones, 
and  (3)  a  response  to  the  lowest  concentration  at  least  two  times  that  of  the  control 
uterim*  weight.  The  extracts  were  injected  subcutaneously  twice  daily  for  thria*  days  and 
the  animals  sacrified  on  the  morning  of  the  fourth  day,  10  to  18  hours  after  the  last 
injection.  The  mice  were  decajiitateil,  uteri  removi'd,  blotted  and  weighed. 

ACTII  Assay: 

The  te.st  animals  wore  male  rats  of  the  Wistar  .strain  weighing  200-220  gm.,  kept  in 
the  animal  room  and  handled  freipiently  for  at  least  one  week  jirior  to  assay.  The  as¬ 
corbic  acid  depletion  assay  of  Sayers,  Sayers  and  Woodbury  (19)  was  used,  modified  in 
that  extracts  were  injected  into  the  dorsal  vein  of  the  penis,  and  hypophysectomized 
rats  were  replaced  by  test  animals  pre-treated  four  hours  prior  to  left  hemiadrenalec- 
tomy  with  a  hydrocortisone*  suspension  (20).  This  suspension  was  given  subcutane¬ 
ously,  7.5  mg.  100  gm.  13. W.  It  was  found  that  the  test  animals  1)  showed  no  ascorbic 
acid  depletion  due  to  stress  of  operation,  adnmalectomy  or  ether  anaesthesia  and  2) 
responded  to  graded  do.ses  of  pituitary  extract  with  a  straight  line  response  between 
log  dose  and  ascorbic  acid  depletion  of  the  .same  order  of  magnitude  as  in  hypojihysec- 
tomized  rats.  Adrenal  ascorbic  acid  was  measured  by  the  method  of  Roe  and  Kuether 
(21),  modified  in  that  the  extract  was  incubated  at  57°  C  for  45  minutes. 


RESULTS 

A  niiml)er  of  gona<iotropliin  and  ACTH  as.says  were  performed.  Sep¬ 
arate  extracts  from  ten  or  more  pituitaries  were  prepared  for  each  assay. 
All  assays  produced  .similar  potency  ratios.  Tables  1  and  2  outline  in  detail 
a  set  of  typical  assay  results.  Standard  stati.stical  methods  were  used. 

DISCUSSION’ 

The  gonadotrophin  a.s.say  of  the  “.sex  zone”  against  an  area  almost 
devoid  of  delta  cells  in  the  adult  male  anterior  pituitary  was  carried  out 
to  provide  direct  evidence  that  the  delta  cells  do  indeed  produce  gonado- 

*  Hydrocortisone  was  kindly  supiilied  by  Dr.  L.  L.  ('oleman  of  the  I'pjohn  Co., 
Kalamazoo,  Mich.,  I'.S..V. 
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Table  2.  ACTH  assay  ok  anterior  kiti  itary  tissi  e 


Anterior  pituitary  (mg.  fresh  tissue) 


!  Zone  rich  in  delta 

cells 

Zone  poor  in  delta  cells 

1.99 

1 .00 

0.50 

0.40 

0 . 20 

0.10 

.Vscorhic  acid  deidelion  199 

i:9> 

80 

147 

78 

43 

(mg.  per  1(H)  gm.  adrenal  210 

123 

72 

149 

106 

46 

tissue)  228 

113 

101 

175 

123 

.50 
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Sk  =  14.1(7 
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05%  confidence  interval;  2.fil-;i.0l 


The  “se.\  zone"  contains  three  times  the  gonadotrophin  activity,  and  one-third  the  .XC'l'll 
activity  of  the  si-gment  almost  devoid  of  delta  cells. 


trophin.  The  activity  of  the  “.sex  zone”  was  found  to  be  three  time.s  that  of 
the  delta  cell-poor  region  per  unit  weight  of  fresh  pituitary  tissue.  Since 
the  assay  used  will  re.spond  both  to  FSH  and  LH,  and  .since  the  LH  pro¬ 
ducing  central  gonadotrophs  are  thought  to  have  a  more  diffuse  distribu¬ 
tion,  a  potency  ratio  of  three  to  one  points  firmly  to  the  delta  cells  as 
gonaflotrophin  producers.  The  role  of  the  peripheral  and  central  gonado¬ 
trophs  in  FSH  and/or  LH  production  would  be  more  firmly  established  by 
specific  FSH  and  LH  assays  of  the  “sex  zone”  against  a  delta  cell-poor 
area. 

llochefort  and  Saffran  (22)  assayetl  horizontal,  sagittal  and  coronal 
.serial  .sections  of  adult  male  rat  pituitaries  for  ACTH  and  found  no  signif¬ 
icant  differences  in  ACTH  activity  in  the  different  .sections.  However, 
their  sections  were  not  related  to  specific  cell  groupings.  Our  assay  pro¬ 
cedure  shows  the  ACTH  activity  of  the  “sex  zone”  to  be  one-third  of  that 
in  the  delta  cell-poor  region.  This  rules  out  the  delta  cells  as  the  major 
site  of  ACTH  production. 
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KFKIX TS  OK  VASOI’UKSSIN  OX  SODH'M.  POTASSIl'M  AND  WATKH 
DISTHIHI  TIOX  IX  RAT  (JASTHOCXKM 1  I  S  .MrSCLK' 


ABSTRACT 

Muscle  and  plasma  analyses  1,  3,  5,  8,  or  18  minutes  after  vasopressin  injection 
(2")  mi  .10(1  Kin.)  in  separate  Krou])s  of  rats  showed  an  immediate  intracellular 
Kaiii  of  water  and  sodium  with  a  net  ri.se  in  (Xaji  and  fall  in  (Xa),,  and  converse 
ehaiiKcs  in  K.  \  rehound  effect  was  noted  at  18  minutes.  Xa,  K  and  water  moveal 
at  separate  rates. 

It  has  been  maintained  tliat  in  the  inaininal,  the  neiiroliypopliysis  helps  to  reunlalc 
salt  and  water  balance  exclusively  thronnh  its  effects  on  the  kidney.  In  this  the  maininal 
would  stand  ajiart  from  otlnw  vertebrati's.  We  have  su^sested  that  this  view  cannot  be 
entirely  eornu-t  since  vasopressin,  like  any  other  vasoconstrictor,  causes  a  marked  de¬ 
cline  in  extracellular  Xa  and  some  rise  in  K  in  the  nephrectomized  rat  ordos  (I,  2).  These 
changes  rejiresi'iit  a  true  shift  of  cation  from  one  comiiartment  to  another  for,  in  studies 
of  the  aorta  wall,  it  was  noteil  that  vasopressin  caused  an  intracidlular 
loss  in  K  at  the  time  of  peak  rise  in  blood  pressure  (3).  Insle  anil  Li  observed  that  small 
amounts  of  vasopressin  act  to  normalize  the  work  performance  of  the  adrenalectomized- 
hypojihysectomized  rat  (4),  Since  the  ability  to  perform  work  also  involves  an  ability  to 
effect  transmmnbrane  ionic  exchanges  (o)  it  seemed  to  us  that  the  extrarenal  effect  of 
vasopressin  might  well  apply  to  skeletal  as  well  as  vascular  muscle.  The  jireseiit  I'xiieri- 
ments  show  that  the  effect  of  vasopressin  on  cationic  distribution  can  be  demonstrated  in 
the  normal,  non-.stimulated  rat  gastroemunius. 

.MKTHODS 

.\dult  male  albino  rats  of  an  inbred  Wistar  strain  weighing  2!K)-31()  gm.  were  used  through¬ 
out.  Since  preliminary  experiments  showed  that  handling,  feeding,  and  anesthesia  are  im¬ 
portant  variable's,  special  care  was  taken  to  secure  uniform  handling,  to  withdraw  food  on 
the  previous  evening,  and  to  apply  deep  anesthesia  in  each  case. 

The  animals  were  anesthetized  in  the  morning  with  intraperitoneal  jientobarbital  (3.33 
mg./lOO  gm.)  and  subcutaneous  phenylbarbitone  (ti  mg./lOO  gm.)  sodium.  The  kidneys  were 
then  decapsiilated  and  the  pedicles  ligated.  .\n  iniilin  solution,  ajiproximately  2.5%  "  /v.,  was 
injected  into  the  tail  vein  in  a  do.se  of  0.5  ml./lOO  gm.  and  the  absolute  amount  of  inulin  in¬ 
jected  was  accurately  determined  in  each  case  by  careful  analysis  of  an  aliipiot  taki-n  from  the 
injection  syringe,  .\fter  3  hours  of  eipiilibration,  polyethylene  catheters  were  implanted  into 
the  right  femoral  artery  and  vein  and  an  initial  blood  .sample  (0.0  ml.)  taki'ii  through  the 
c.'innulati'd  artery.  .\  corresi>onding  initial  muscle  sample  was  immediately  excisi'd  from  the 
right  gastrocnemius  and  the  wound  sutureil.  Vasopressin  (I’itressin  Parke,  Davi.s)  in  a  dose 
of  80  me.  (in  0.2  ml.  saline),  approximately  25  mi'./lOO  gm.,  or  the  saline  alone  in  control 
groups  was  at  once  ailministi'red  through  the  femoral  vein.  .V  .second  muscle  (h'ft  gastrocne¬ 
mius)  and  blood  sample  were  taken  after  either  1,  3,  5,  8,  or  18  minutes.  Separate  control 
(saline)  and  test  (vasopressin)  groups  were  used  for  each  interval  making  a  total  of  10  groups 
with  (i  or  more  animals  in  each  control  group,  8  or  more  in  each  test  groii]).  The  conventional 
analytical  procedures,  which  in  general  follow  Ledingham  (0),  have  been  fully  presenteil 
el.sewhere  (5).  The  volume  distribution  of  inulin  in  plasma  was  taken  as  a  measure  of  extra¬ 
cellular  fluid  volume  (e.c.f.v.)  and,  in  the  excised  muscle  sample,  as  a  measure  of  muscle 
extracellular  fluid  volume  (e.c.f.m.).  Intracellular  water  was  calculated  by  subtracting 
e.c.f.m.  from  the  measured  total  water  content  of  the  whole  muscle  .(per  kg.  fresh  fat-free 
muscle).  Intracellular  Xa  and  K  were  calculated  by  deducting  from  the  total  amount  of  tissue 
ions  the  amount  contained  in  a  known  volume  of  extracellular  water. 

Received  Xovember  IS.  19()(). 
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Fig.  1.  ('liaii};;c.s  in  till' (listrilmtion  of  Nil.  K  iind  water  in  rat  fiastrofiicinius  follow  inj; 
tlic  intravenous  injeetion  of  viisopri'ssin  (iippro.xinuitely  25  mu.  KM)  "1  !><“  effects 

were  ineasureil  in  sepaniti'  <>;roups  for  each  interviil.  Verticiil  line's  represent  stamlanl 
error. 


lU;sUI/rs  AND  DISCUSSION 

'I'lie  findiiifis  for  the  10  fjroups  studied  are  priisented  in  simplifii'd  frrapliie  form  in 
Figure  I .  'I'he  results  are  shown  as  ehaiiKe  from  htisal  values  measured  over  eaeh  interval. 
In  brief,  vasojiressin  luoduees  elear-eut  movements  of  water  and  sodium  into  and  potas¬ 
sium  out  of  the  intracellular  compartment.  The  rates  of  movement  are  separable.  The 
initial  cationic  shift  tends  to  revi'rse  in  a  eletir  rebound  18  minutes  after  injeetion.  (Similar 
exehanf!;es  can  also  be  demonstrated  in  the  absi'iiee  of  the  adrenals.) 

These  findings  bear  on  two  basic  issues:  first,  the  question  of  whether  exogenously 
administered  va.sopressin  acts  extrarenally  on  salt  and  water  distribution  and  second, 
w  hi'ther  the  neurohypophysis  itself  exerts  similar  actions.  The  experiment  presented  here 
leavi's  little  room  for  doubt  on  the  first  issue.  Vasopressin  shifts  Na  and  water  out  of  the 
extracellular  space  into  skeletal  muscle.  'I'his  corresponds  to  the  effect  previously  shown 
for  vascular  muscle  (1,  3).  lnfi:le  and  Li  have  identified  va.sopressin  as  a  factor  directly 
involved  in  thi'  performance  of  muscular  work  in  the  adrenalectomizi'd-hyiiophysecto- 
inized  rat  (4).  'I'liis  jiroperty  probably  reflects  the  ability  of  vasopressin  to  regulate  ionic 
exchanges  (5).  In  fact,  there  is  good  reason  to  suggest,  from  our  currect  studies  with  the 
sodium  electrode  (7),  that  the  fact  that  vasopre.ssin  is  vasoconstrictor  is  itself  good  evi¬ 
dence  that  it  must  act  directly  on  transmembrane  ionic  movements. 


Xf)Ti:S  AND  COM.MKNTS 


Voliinic  60 


3SS 


'rii(‘  second  problem  li'mnes  on  tin*  matter  of  dose,  for  it  may  l)e  nryed  tliat  since  an 
antifliuretie  effect  I’an  he  elicited  witli  a  thousandfold  smalli'r  dost',  the  (*\tr;irenal  effect 
deseriherl  here  must  he  entirely  nnphysioloKie.  We  suggest  that  this  position  is  nntenahle. 
however,  since  the  rat  with  diabetes  insipidus  indnei'd  hy  neurohypophyseal  denervation 
shows,  in  fact,  a  marked  exp.ansion  of  the  extracellular  s|)aee  coupled  with  a  small  hut 
ilefinite  increase  in  plasma  Xa,  (dianges  whi(di  occur  even  in  tin*  ah.sence  of  the  kidneys 
(S).  IXperiments  in  |)rogn‘ss  indicate*  that  the  r«‘placement  dose*  for  such  diahetic  rats  is 
consiilerahly  larger  than  the  dose  used  here. 

Sydnky  .M.  Fuikumax  and  Fuaxk  .V.  Suktku 

Department  of  Anatomi/ 
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Tin:  /.V  VITRO  .MKTAHOhhS.M  OF  FHOOFSTKROXK-C'*  TO  A' '-AXDRO- 
.<rADii:xi:-:hi7-Dioxi-:  by  a  (  Ystk’  hovixk  ovary - 

ABSTRACT 

.V  m*‘taholite  of  the  in  vitro  metaholisin  of  progesterone-(''*  hy  a  cystic  hovinc 
ovary  was  identiticel  as  A'  '-androstadicne-3, 1 7-dione.  Of  the  total  amount  of 
proj;i'stcronc-C"  added,  0.0142' ,  was  converte-d  to  the  androgenic  snhstancc. 

riie  study  of  progc'steroiie-C'^  metaholism  hy  hovine  ovarian  tissue's  was  initiated  to 
investigate*  the*  in  vitro  me*taholic  pathway  eif  pre»ge*ste*rone*-C'*^  hy  the*  he)me)ge*nate*s  e»f 
neermal  anel  cystic  heivine*  e)varie*s. 

In  19.54  Hayanex't  al.  (1)  re*pe)rte*el  the*  in  ritro  e*e)nve*rsie)n  eif  ])re)ge*ste*reme*  tet  A^-|)re*g- 
ne*ne*-20/rf-ol-3-e)ne  hy  heivine*  e-eirpus  luteum  tissue's.  hate*r  (19.50)  .Seileunon  (2)  elemem- 
strate'el  the*  in  vitro  feirmatiem  eif  1 7a-hyelre»xypre>ge*ste*re)ne*  anel  AMinelre)ste‘ne*-3,l  7-elione* 
freun  preige'stereuie*  hy  hovine  ovarian  tissue's,  thus  inelie*ating  that  pretge*ste*re)ne*  may  he*  a 
pre*e*urse)r  in  the*  hie)ge*ne*sis  e»f  anelreigens. 

Phis  re'port  ine*luele*s  a  iire'liminary  stuely  eif  the*  in  vitro  me*taheilism  e»f  preige*ste*re»ne*- 

Re*ce*ive*el  Xe)vemhe*r  2.5.  1900. 

'  Supporte'el  in  part  hy  grant  S-.59-0  freem  the*  Xatiemal  .\e*aele*my  e»f  .Scie*ne*e.s-Xa- 
tional  Re.se*are*h  ('ouneil.  Division  etf  Me*elie*al  Scie*ne*es. 

-  C'ontrihution  Xo.  014,  Department  eif  Chemistry,  anel  Xo.  292,  De*partment  eif 
Dairy  Husbanelry,  Kansas  Agricultural  Kxperime'iit  Statiem,  Kansas  State*  ITiive*rsity, 
Manhattan,  Kansas. 
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4-('”  to  A''^-:ui(lr<)sta<licnc-3,17-<lioiU‘  by  a  cystic  bovine  ovary.  The  i)ovine  ovary  (SS.!) 
Kin.)  contained  a  larKe.  siiiKle.  non-liiteinized  cy.st  with  17  cc.  of  follicular  fluid  (EIk-  O- 
It  was  obtained  at  slauKhtcT  from  a  cross-bred  diary  cow  which  had  an  elevatt'd  tail  h(‘ail 
and  relaxed  |)elvic  liKaments. 

The  incubation  medium  was  essentially  that  u.sed  by  Samuels  (3).  Two  Knims  of  the 
frozen  Ixtvine  ovary  were  .sliced  from  the  center  and  homoKenized  with  a  serum-bufl’er 
mixture.  The  medium  inelmled  an  equal  volume  of  bovine  serum  and  phosphate  buffer 
at  pH  7.4  containiiiK  the  followiiiK  concentrations  of  co-factors:  0.04  mole  nicotinamide, 
0.;io  millimole  diphosphopyridine  nucleotide,  O.IH  millimole  adenosine  triphosphate,  and 
0.4  millimole  furmaric  acid.  The  homoKenate  was  transferred  into  a  125  cc.  glass  stop¬ 
pered  Erlenmeyer  flask  and  diluted  with  the  serum-bufTer  mixture  to  a  25  cc.  volume  for 
the  incubation. 

One  micromole  of  proge.sterone-4-C'^  was  then  dissolved  in  0.2  cc.  of  proi)ylcne  glycol 
and  added  to  the  incubation  flask.  Incubation  was  carried  out  under  a  gas  phase  t)f  95 
percent  oxygen  and  5  percent  carbon  dioxide  for  three  hours  with  constant  shaking  in  a 
water  bath  at  37°  C. 

The  lipiil  fraction  of  the  incubation  mixture  was  extracted  four  times  (v/v)  by  ethyl 


Fig.  1.  Single  follich*  cyst.  Htunatoxylin  and  eosin.  XIOO. 
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fr<ini  tlic  scnim-lnifTcr  mixtiirr.  Some  lipids  wen*  (licii  miiovcd  l»y  placin';  tlic 
extract  on  a  cnlniiin  (110X11  mm.)  containiny:  1  t;m.  of  silic.a  t;cl.  For  further  separation, 
the  |>arliall\  defatted  extr.aet  was  ehromato};raphed  on  )\hatman  No.  1  filter  pa  per  nsin;; 
Savard’s  method  ( I). 

'I'o  detect  and  i'lentify  the  steroids,  the  extract  was  suhjeeted  to  paper  ehrotnatt)};- 
raphy  by  two  solvent  systems,  h'irst.  a  toluene-propylene  Klyeol  system  was  used  to 
separate  radioactive  compounds  which  were  detected  by  a  paper  cliromatosram  scanner. 
-Mso  a  liyinune-propylene  y;lycol  system  n'vealed  one  radioactive  spot  which  was  eluted 
from  the  papi'r  and  rechromatoytraphed  three  times. 

'J'lie  unknown  compound  had  an  Hr  value  of  0.07,  wliich  was  similar  to  the  0.02  H  r 
(4)  of  A'  Mnidrostadiene-3,17-dione  in  the  liy;roine-propylene  glycol  system.  'I'he  radio¬ 
active  spot  moveil  witli  the  standard  A'  ^-androstadiene-3, 1 7-dione  located  on  an  ad¬ 
jacent  paper  stri|). 

Before  the  radioactive  compound  was  rechromatosraphed  a  .second  time,  it  was 
mixed  with  1.50  yjy;  of  A''^-androstadienc-3,17-dione  as  a  carrier.  The  unknown  and  the 
standard  hormone  had  the  same  mobility  on  the  chromatogram  which  was  verified  as  a 
single  dark  si)ot  by  scanniny;  the  chromatogram  with  ultraviolet  lisht.  .\  i)ronouned 
radioactive  j)eak  was  al.so  located  in  the  area  of  the  dark  si)ot  by  a  pajjer  cliromatoy;ram 
scanner.  Since  there  was  oidy  one  spot,  the  compounds  were  presumed  to  be  identical. 
Hotli  the  unknown  and  the  standard  had  the  same  mobility  in  a  toluene-propylene 
f;lycol  system. 

Additional  identification  of  tlie  unknown  was  made  bv  infrared  spectrophotometric 
analysis.  The  characteristic  absorption  peaks  of  the  spectrum  were  found  to  be  identical 
with  those  of  the  spectrum  of  standard  A'  Mindrostadiene-3,17-dione.  The  micro  (pian- 
tity  was  analyzed  by  usiiif;  a  potassium  bromide  pellet  (I  J  mm.)  and  a  beam  condensing 
unit  (Herkins-Elmer)  with  an  Infracord  spectrophotometer. 

The  radioactive  substance  and  the  carrier  were  eluted  witli  ethanol  and  counted  in  a 
gas  flow  proportional  counter.  .\  total  activity  of  this  compound  indicated  a  0.0142  i)er- 
c<‘nt  conversion  from  1  micromole  of  the  incubated  ])rogesterone-4-C''^. 

On  three  other  trials  with  normal  bovine  ovaries,  in  vitro  conversion  of  progesterone- 
C'^  to  A'  ^-androstadiene-3. 1 7-dione  was  not  detected.  .Vlso  a  .similar  experiment  with  a 
polycysti<‘  bovine  ovary  did  not  reveal  the  androgenic  substance. 

In  19.50  Miller  et  al.  (.5)  isolated  A'  ^-androstadiene-3,17-dione  in  the  feces  of  a  preg¬ 
nant  cow  injected  with  .5  grams  of  |)rogest<‘rone.  They  suggeste<l  that  ))rogesterone  was 
first  metabolized  to  A^-androstene-3.17-dione  and  then  to  A'’^-androstadiene-3.17-dione. 
•Miller  et  al.  also  believed  it  pertinent  to  draw  attention  to  the  relatively  larg<'  amount  of 
endogenous  and  exogenous  progesterone  in  the  animal  at  the  time  of  conversion.  Their 
findings  may  ai<l  in  exi)laining  why  A'-^-androstadiene-3,17-dione  was  detected  in  the 
cystic  ovary,  since  the  follicular  fluid  (17  cc.)  of  the  ovarian  cyst  contained  143  yig  of 
progesterone,  as  determined  by  the  method  of  Gawienowski  and  Mayer  (G). 

The  role  of  A'  M»ndrostadiene-3,17-dione  in  the  physiology  of  reproduction  should  be 
more  thoroughly  investigated.  Isolation  of  this  hormone  from  a  cystic  ovary  but  not 
from  normal  bovim*  ovaries  may  imlicate  a  dilTerence  in  the  |)athway  for  progesterone  in 
the  infertile  animal. 

.V.  .M.  G.wviknowski,  S.  b.  Lk.k’  .\xn  G.  B.  .Mxuion^ 

Kani^ns  State  I'niversit!/ 
he partment  of  Chemistni 
.Manhattan,  Kanm.<i 

’  Present  address:  l)ej)artment  of  Physiology.  (;hio  State  rniversity,  Golumbus.  ()hi(». 
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OXVTOCK'  AC'I'IVITY  OF  HIMAN  FK.MALK  1513)01) 

ABSTRACT 

I'sinn  the  Brislol  I’roctMliirf  for  the  cxtractioii  of  oxytocin  from  Blood  taken  from 
lu'althy  non-pr(‘(;nant  adidt  females  and  from  women  during  normal  pregnancy, 
we  hav<‘  found  both  oxytocin  and  oxytocic  substance  (O.S.)  to  be  present  in  tin- 
extracts.  Precautions  were  taken  to  remove  the  possibility  that  potassium,  .5-hy- 
droxytryi)tamine,  acetyl  choline  and  plasma  kinin  in  the  extracts  might  be  interfer¬ 
ing  substances  in  the  assay  procedures.  The  extracts  were  assayed  on  the  isolat«'d 
sensitised  rat  uterus  using  both  tlu‘  suj)erfusion  and  classic  methods.  The  results 
obtained  confirm  our  previous  observations  th.at  there  is  more  ox.xtocin  in  the 
blood  during  pregnancy  than  in  non-pregnancy.  We  also  found  more  O.S.  in  the  for¬ 
mer  than  in  the  latter  conditions. 

We  have  previously  reporteci  finding  oxytocin  and  oxytocic  substance  (O.S.)  in 
extracts  of  blood  from  men,  woimm,  sheej),  cows,  goats  and  rats  (1. 2.  3,  4,  5,  (5.  7.  S,  9). 
The  method  used  for  the  extraction  of  oxytocin  and  oxytocic  substance  from  blood  was 
that  (h'seribed  by  Risset  and  Walker  (10).  This  imdlnal  entails  acid-alcohol  extraction 
of  th(‘  blood,  and  since  acidification  is  known  t<»  liberatt'  oxytocic  polyt)(>])tides  from  th(“ 
))lasma  proteins  (11).  we  decided  to  u.se  an  entirely  different  method  of  ('xtraction. 

.Vccordingly.  w<“  have  employed  the  Bristol  method  (12)  for  extracting  oxytocin  from 
blood,  and  with  this  method  w<“  have  det<‘rmin(>d  th(>  oxytocic  activity  (()..V.)  of  blood 
taken  from  non-pregnant  females  and  from  healthy  females  cluring  normal  ])regnancy. 

Tlu'  results  obtained  with  this  new  metlutd  confirm  our  previous  observations  that 
oxytocin  is  i)r('sent  in  higher  concentration  in  blood  during  i)regnancy  than  in  the  non¬ 
pregnant  state  (1). 


.MKTHOD 


Crcfxiralioii  of  the  Kxiraclx 

The  Bristol  Procedure  of  l•xtraction  was  us<m1  (12)  and  this  is  briefly  described  as  follows: 
Samj)les  of  venous  blood  were  collected  from  the  ante-cubital  veins  of  the  various  subjects 
iitid  i»rcvente(i  from  clotting  by  adding  100  i.r.  of  heparin  in  1 .0  ml.  of  isotonic  saliiu'  to  every 
10  ml.  sam])le  of  blood.  The  blood  was  taken  through  a  siliconed  ni-edle  into  an  ice-cold 
pedythene  syringe  and  tlu'ii  put  into  ice-cold  polythene  tub(>s,  centrifuged  at  0°  (’  and  the 
plasma  removed.  'I'en  volumes  of  acetone  were  adde<l  to  the  plasma  to  precipitiiti-  the  pro¬ 
teins.  .\t  this  stage  the  supernatant  was  stored  overnight  in  the  d(‘cp-frecz<‘  and  extraction 
continued  next  morning.  The  sui)ernatant  was  reduced  by  vacuum  distillation  to  remove  the 
acetone.  The  residue  was  washed  twi<‘e  with  three  volumes  of  ether,  which  was  removed 
by  suction.  Thtm  the  ether  residues  were  blown  off  at  37°  C  with  nitrogen,  and  th.e  extracts 
were  then  assayed  at  pll  7.4.  Polx  thene  apparatus  was  used  to  |)r{“vent  tlu*  possible  formation 
of  plasma  kinin  which  may  act  as  an  interfering  oxytocic  princi|)le. 

Method  of  .l.s.s«// 

Fvxtracts  wen*  .‘issaycd  for  oxytocic  activity  .‘igainst  Pitocin  (P.arke,  D.avis  and  Co.)  and 
at  times  against  the  synthetic  oxytocin,  Syntocinon  (Sandoz  I.td.),  using  the  superfused  r:it 

R(‘c(’iv<‘d  I)(‘cember  2(5,  19(50. 
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Tabi.k  1.  Oxytocic  activity  ok  acktoxk  extracts  ok  hcmax  ke.mai.e  blood 


Non*preKuant  (winter) 
(•n-13) 

fPregiiant  (winter) 
fn*l5) 

Primiparous  i 

(n  =  16) 

Multiparous 
f  11*26) 

Oxytocic 

a(•ti^^ty 

Oxy- 

( Ixytwic 
su))- 
,  stance 

Oxytocic 

activity 

Oxy¬ 

tocin 

Oxytocic 

8Ub- 

staiK'e 

Oxytocic 

artixnty 

Oxy¬ 

tocin 

Oxytocic' 
sub-  1 
stance  ' 

1  Oxytocic 
'  activity 

Oxy¬ 

tocin 

Oxytocic 

sub¬ 

stance 

Mean  (inr.  ml.  i 
HUkhIi 

1 

0.42 

0.12 

0.3S 

2.S9 

1.17 

1.72 

2.04 

1.79 

1.76 

:  2.51 

0.79 

1.68 

S.D. 

0.33 

0.13 

0.35 

3.33 

1.84 

1.73 

:  2.57 

2.62  : 

1.35 

3. .50  1 

1.00 

1.82 

Fiducial  Limits 
(p=0.05) 

0.22- 

0.62 

0.02- 

0.22 

0.10- 
1  0.66 

2.68- 

3.10 

0.14- 

2.20 

0.76 

2.69 

0.68- 

3.10 

0 

,  5.01 

0.09- 

3.43 

1.09- 
1  3.93 

0.12- 
1. 16 

'  0.37- 
1  2.99 

•  n*the  numl)€r  of  ohsrrvations. 

t  Includes  13  women  in  3rd  Trimester,  3  in  2nd  Trimester. 


uterus  tecliui(|ue  as  descrilied  hy  (iaiiduin  (Jd).  In  most  eases  the  extracts  were  assayi'd  in 
parallel  ou  both  the  superfused  uterus  and  the  uterus  iii  the  idassie  orKaii  bath  as  described 
i>y  Holton  (14),  and  Oaddum,  I’eart  and  Vogt  (15).  When  the  extracts  were  tnuited  with 
sodium  thioglyeollate  (l(i,  17),  ‘TesiduaT’  oxytocic  activity  could  be  demonstrateil  in  every 
instanci*.  This  residual  activity  could  be  attributed  to  an  unidentified  principh"  which  will  be 
referred  to  as  oxytocic  substance  (O.S.).  The  possibility  that  O.S.  was  5-hydroxytryptamine 
or  acetylcholine  could  be  excluded  by  adding  Dibenamine  hydroiddoride  and  atropine  to  the 
perfusing  fluid  or  organ  bath.  Nor  could  the  residual  oxytocic  activity  be  attributed  to  po¬ 
tassium  which  was  jiresent  in  the  test  doses  in  sub-threshold  concentration  as  verified  by 
flame  photometry. 


RKSULT.S 

Reference  to  Table  1  shows  that  acetone  (‘xtracts  of  blood  from  healthy  non-jtregnant 
medical  studtmts  possess  oxytocic  activity  which  is  due  to  oxytocin  and  to  oxytocic 
substance.  These  blood  samples  were  collected  during  the  latter  part  of  the  winter. 
Table  2  shows  the  mean  O.A.  of  extracts  of  blood  taken  from  the  same  non-jiregnant 
women  during  spring.  The  mean  O.A.  of  the  blood  obtained  during  winter  was  signif¬ 
icantly  greater  (R  =  ().()()5)  than  that  of  the  corresponding  samples  obtained  in  spring. 

Extracts  of  blood  taken  during  the  spring  from  jiregnant  women  in  tlu'  first  trimester 
were  found  to  contain  significantly  greater  ()..\.  (I’  =  ().01)  than  that  of  the  spring  non¬ 
pregnant  control  group  (see  Table  2). 

In  the  sam(‘  tabh‘,  it  may  be  seen  that  as  pn'gnancy  advances  into  the  .second  trimes¬ 
ter.  the  iiK'aii  ()..\.  of  the  blood  extracts  increases  and  is  significantly  greater  (I’=().02) 
than  that  found  in  the  first  trimester. 

During  tlu*  third  trimester,  however,  the  mean  O..V.  did  not  difft'r  significantly  from 
that  obtained  during  the  second  trimester.  Ft  should  be  borne  in  mind  that  the  first  and 
si'cond  trimester  jiatients  wen*  examined  in  tlu*  spring,  whereas  those  in  their  third 
trimester  were  studii'fl  in  winter. 

Despite  the  fact  that  the  mean  value  for  O.A.  in  non-pregnancy  was  so  much  greater 
in  the  winter  than  in  siiring,  the  mean  ()..\.  in  the  first  trimester  of  pregnancy  (sjiring) 
was  still  significantly  larger  (P  =  ().()4)  than  that  in  the  winter  non-pregnancy  group. 


'I'VBI.E  2.  OXYTMCIC  ACTIVITY  <>K  ACETONE  EXTRACTS  OK  IICMAX  KEMALE  BLOOD 


Non-preguaiit  ! 
(spring) 
r*n  =  lt)) 

Pregnant  i  IVegnant 
(siiring)  (s|)ring) 

1st  trimester  I  2n(l  trimester 
(1,  =  1(0  I  (n  =  14) 

Pregnant 

(winter) 

Ifrd  trimester 
(n  =  IS) 

Mean  ( mi  . ,  ml.  of  Mluuil 
S.l). 

Futiieial  Limits  (p=().()5) 

(1.12 

(i.lMi 

Dost;  1).  151 

!  ().(>;{  ;{.()7 

O.tia  :f.5S 

0.17-1. 01)  1.0-5.11 

2.70 

7 

1  .o:m  .:i7 

*  n=flu‘  number  of  observations. 


August,  11(61 
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Inchult'd  ill  Talilc  1  aif  tlic  mraii  values  for  O.A.,  oxytocin  and  O.S.  in  tlic  blood  of 
IH  pregnant  women  all  of  whom  were  in  the  last  trinu'ster  with  the  exception  of  three, 
riie  mi'ans  for  0..\.,  oxytocin  and  O.S.  are  significantly  greater  (I*  =  0.009.  P  =  0.025, 
P  =  0.00<)  respectively)  in  pregnancy  than  in  non-pregnancy.  Both  groups  weri'  studied 
in  the  winter. 

Lastly,  in  the  primiparoiis  and  multiparous  women  inve.stigat*‘<l  (see  also  Table  1), 
there  was  no  significant  differmiee  in  0..\..  oxytocin  or  O.S.  content  of  tin*  blood  ex¬ 
tracts  examined. 


Diseussio.N 

The  0..\.  of  till'  acetone  extracts  of  blood  was  higher  in  iiri'gnant  women  than  in 
non-pregnant  women  and  so  confirms  an  observation  previously  reported  by  Hawker 
and  Robi'rtson  (1).  The  i-onceiitration  of  oxytocin  and  O.  S.  increa.ses  early  in  pregnancy 
and  continues  to  rise  up  to  about  mid-iiri'gnancy.  From  here  until  near  term  the  con¬ 
centration  of  each  remains  at  a  high  level.  These  high  values  for  oxytocin  are  not  in 
accord  with  observations  of  other  authors  (IS.  19,  20)  who  postulate  much  lower  oxyto¬ 
cin  values  during  pregnancy.  'Plu'  high  h‘vel  of  oxytocin  in  blooil  iluring  ]jregnancy  is  an 
interesting  obsi‘rvation  and  we  an*  not  able  to  explain  its  significance  in  view  of  the 
relative  quiescence  of  the  uterus  during  pregnancy.  Others  have  reported  on  the  change 
in  the  concentration  of  oxytocinase  (IS,  21.  22),  the  half-life  of  oxytocin  (18,  23,  24. 
25.  26),  and  the  sensitivity  of  the  uterus  to  oxytocin  (20)  during  prt'gnancy.  These 
various  observations  no  doubt  are  all  implicated  but  it  is  not  possible  to  show  their 
integration  at  this  juncture. 

It  has  previously  been  shown  that  a  substance  closely  rc'sembling  ami  probably 
identical  with  vasopressin  exi.sts  in  higher  concentration  in  the  blood  of  pregnant  than 
of  non-pregnant  women  (27.  2S).  It  would  therefor**  app**ar  that  (hiring  pri'gnancy  fin* 
bloo*l  con(*entration  of  both  post(*rior  pituitary  hormon**s  is  raised. 

Finally,  it  appi'ars  that  then*  may  be  sonn*  st'asonal  variation  in  oxytocic  activity 
in  the  non-i)r(*gnant  woman.  The  significance  of  this  finding  is  not  immt*diately 
appar(*nt.  but  may  in  .sonn*  way  b**  conn**ct(*il  with  (*lectrolyt(*  balance  as  suggested  by 
c(*rtain  authors  (29.  30). 

H.  \V.  H.xwkkk,  ('.  F.  Walmsi.ky.  V.  S.  Houkrt.s, 

.1.  K.  Hi..\(  ksii.\w  .\xi>  .1.  ('.  Downks 
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FAII.I  BK  TO  COXFIB.M  THF  BKPOBT  THAT  I’lTBF.SSIX  HAS  A 
OBOWTH  STLMl'LATIXC  EFFECT' 

ABSTBACT 

Pitressiii  injected  once  daily  in  dose.s  of  0..5  or  2.0  units  has  no  effect  on  Rrowlh 
ill  yoiiiiK  male  rats  as  measured  hy  hody  weight,  tihial  leiiftth  or  tiOial  epiphysial 
width.  Previous  reports  of  .somatotrophin  releasiiiK  effects  of  Pitressin  could  not 
l)c  confirmed. 

Del  Veeehio  el  al.  (I)  havi'  reported  tliat  daily  injections  of  Pitressin  induced  an  in¬ 
crease  in  tiliial  epiphysial  width  in  younti  rats,  a  result  interpreted  hy  them  as  hein>i  due 
to  accelerated  somatotrophin  reh'use.  Similarly.  Hiroshige  and  Itoh  (2)  have  reported 
that  Pitressin.  fjivi's  a  tihial  eitiphysial  widening  efft'ct  and  also  increases  livt'r  RX'.\ 
concmitration  in  the  rat.  Some  (luestion  about  the  significance  of  these  results  has  been 
raised  in  our  minds  for  two  princiital  reasons.  First,  the  duration  of  action  of  Pitressin 
after  intraperitoneal  injection,  as  nu'asured  by  its  antidiuretic  effect,  is  very  brief  (less 
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than  1  hour  in  watcr-loadod  rats).  Second,  studi(‘s  carri(*d  out  in  tliis  lal)oratory  indi¬ 
cated  that  tlie  srowtli  impairment  ol)served  in  rats  with  massive  hypothalamic  lesions, 
thoufih  accompanied  by  diabetes  insipidus  was  not  ameliorated  by  hormone  replacement 
treatment  which  includc'd  Pitressin  tannate  injections  sufficient  to  rc'store  external  water 
balance  to  normal  (3).  'I'he  original  ex])eriment  of  dc'l  V('cchio  <7  nl.  (1)  was  therefore 
rejx'ated  exactly  as  performed  by  these  authors.  In  addition,  two  other  series  of  stud- 
i(‘s  were  niiide  using  tlifferent  sized  iinimals  and  largcT  doses  of  Pitressin.  Othc'r  meas¬ 
ures  of  growth,  i.e.,  body  weight  change  and  tibial  hmgth  weri'  also  recorded. 


MKTIIODS 

N'oimg  in.'de  Holtzinan  rats  fial  Purina  chow  and  water  ;id  lil>itun)  .and  lionsed  in  groups  in  :i 
controlle<l  temperature  room  (2li±l°  (’)  were  injected  once  d:dly  intraperitoneally  with 
I’itressin  (I’arke,  Davis  A-  ('omi)any)  in  a  dosage  indicatcal  in  T:d>le  1.  Control  animals  were 
injected  with  O-.a  ml.  of  physiological  saline.  .\t  the  end  of  tiu'  tenth  day  the  rats  were  killed 


'I'Ani.K  I.  I'Akkct  ok  cithkssin  ix.ikctio.xs  on  body  wKMiirr,  tibiai.  i.kxcjtii 
A\n  TIBIAI,  KIMI’IIYSIAI,  WIDTH  IN  TIIK  HAT 


No.  of 

Body 

wt. 

Tibiai  length 

Tihi.al 

physi.'d 

micra. 

(‘lii- 

width 

±S.K. 

Croup 

ani¬ 

mals 

Initial 

(gm.) 

Fimd 

(gm.) 

cm. 

±s.i:. 

I.  a) 

0..A  1  .  Pitressin  /dav  X  HI 

1 1 

40 

80 

2.00 

.02 

307 

0 

b) 

control 

1 1 

40 

01 

2.04 

.01 

308 

o 

II.  a) 

2.0  f  Pitressiu/dav  X  10 

K 

12.A 

183 

3 . 28 

.04 

318 

12 

b) 

control 

8 

127 

100 

3.28 

.01 

21 

III.  a) 

2.0  r.  Pitressiii  'da  V  X  IO 

ft 

131 

104 

3.20 

.03 

200 

18 

b) 

control 

(i 

133 

212 

3.33 

.03 

304 

" 

Statist icut  Aiiutiisis  (/'  ratucs)* 

I.  a  vs.  1)  <  .2  >  .It 

1 1,  a  vs.  b  1  < .  I 

III.  a  vs.  1)  <  .  I  <  ..■) 

*  Calculateil  using  the  method  of  Sncdecor  (ti). 


with  ether  and  the  tibiae  were  removed.  ()v»‘rall  l(Migth  of  the  bones  was  measured  with  :i 
vernier  caliper  .and  tibiai  (“piphysial  width  measured  with  a  micrometer  I'yepieca'  after  prepa¬ 
ration  by  till'  method  of  I'lvans  el  at.  (4).  In  tin*  expmameiit  repeating  the  original  study  of 
del  Veiadiio  et  at.  (1)  th(“  tibiai  epiphysis  was  nuaasuiaal  by  two  obsi'rvers  using  separate  legs. 
The  other  measurements  wen-  made  by  a  single  ob.siTver;  in  oiu*  case  duplicate  examinations 
of  the  two  legs  weia*  maile;  in  the  other,  only  the  right  leg  was  used. 

KKSULTS  AND  DISCUSSION 

.Vs  shown  in  Table  1.  no  evidema'  of  growth  stimulating  effect  of  Pitressin  injia-tions 
was  obtaimal,  as  measured  by  change  in  body  wiught.  lengtlii'ning  of  the  tibia  or  widen¬ 
ing  of  the  tibiai  epiphysis.  Reports  of  STH  reh'asing  (>ffects  of  Pitressin  (1,  2)  theri'fore 
were  not  (amfirmial. 

Previous  studies  from  this  laboratory  have  indicated  that  rats  with  basal  hypothal- 
iimic  lesions  of  la-rtain  size  do  not  grow  well  (3,  o.  b),  that  the  growth  impairment  is  not 
ameliorated  by  replacement  with  .\I)H  in  addition  to  other  endocrine  sub.stances  (3) 
and  that  the  growth  hormone  lamtent  of  pituitaries  from  these  animals  is  markedly  re¬ 
duced  (()).  .Vlthough  the  mechanism  of  reduced  growth  following  hypothalamie  lesions 
remains  obscure,  tlii'  observation  that  replaceimuit  VDH  does  not  reston*  growth  in 
brain-lesioned  rats  and  that  .VDH  giviui  to  normal  rats  does  not  increase  growth  makes 
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it  highly  unlikely  that  vasnpressin  is  involved  in  the  regulation  of  secretion  of  growth 
hormone. 

Skymour  Rkic’hlix  .\.\I)  Joskph  G.  Hrown 

Deportments  of  Medicine 
Preventive  Medicine  and  Psychiotri/ 

Washington  University 
St.  Louis,  Missouri 
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(  MANGES  IN  THE  SECRETION  RATE  OF  THE  RABBIT  OVIDIT'T  FOE- 
LOWING  ORAL  AD.MINISTR.VTION  OF  l-(P-2-I)IETHYLAMINOE- 
THOXYPHENYL)-l-PHENYL-2-P-ANISYLETHANOL> 

ABSTRACT 

Using  a  System  for  continuous  volumetric  collection  of  oviduct  secretions,  the 
effect  of  l-(j)-2-diethylamiiioethoxyj)lienyl)-l-phenyl-2-i)-anisylethanol  (M ER-25) 
on  the  .secretion  rate*  of  the  rabbit  oviduct  was  assessed,  .\fter  a  baseline  .secretion 
rate  had  been  established,  225  mg.  of  MEH-25  was  administered  by  mouth  daily 
in  3  divided  do.ses  for  3  days  to  New  Zealand  White  rabbits  weighing  3-5  Kg.  Intact 
animals  and  estrogen  primed  castrates  (4  /ig  of  estradiol  17/3  daily)  displayed  a 
signihcantly  decreased  oviduct  secretion  rate  (P<0.U5)  during  MEU-25  adminis¬ 
tration.  The  rate  reached  its  low(‘st  level  in  the  24  hour  jieriod  imnn'diately  fol¬ 
lowing  treatment,  and  increased  thereafter  to  pre-treatment  levels.  Castrates 
displayed  a  significantly  increased  .secretion  rate  (P<0.()5)  on  the  thir<l  day  of 
treatment.  The  ri.se  continued,  reaching  a  peak  on  the  fourth  day  after  the  end  of 
treatment,  falling  thereafter.  The  changes  observed  among  intact  animals  and 
estrogen  primed  castrates  are  interjireted  as  an  antiestrogenic  effect.  The  ri.se  in 
s(*cr»‘tion  rate  in  the  castrate  suggests  an  <“strogenic  effect.  Tin*  possibility  of  a 
competitive  action  at  the  end  organ  site  between  estrogen  and  MF,U-25  is  suggc'sted. 

()ne-(i)-2-(iiethylaminoethoxyphcMiyl)-l-i)henyl-2-|)-anisylethanol  (referred  to  as 
.MER-2.5).  a  non  steroidal  compound  with  antiestrogenic  properties  (1),  has  an  anti¬ 
fertility  effect  in  the  rat  (2)  and  the  rabbit  (3).  When  administered  during  the  first  3  to  4 
days  of  gestation.  .MER-25  causes  degenerative  changes  in  developing  ova  while  still  in 
the  oviduct.  There  is  some  indication  that  this  effect  may  be  the  result  of  a  direct  action 
of  .MER-25  on  the  zygote  (3,  4).  .\n  alternate  possibility  is  that  MER-25  may  act  in- 
ilirectly  by  modifying  the  environment  provided  for  the  developing  z3’gote  bv  the  ovi¬ 
duct.  The  present  studv  was  designed  to  explore  the  effect  of  MER-25  on  the  oviduct 
secretion  rati*  of  th<>  rabbit. 
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MEAN  SECRETION  _  6  INTACT  ANIMALS 

RATE  ml/24  hr.  Just  •ignificont  difftrance  batwaan  two  maans  *0  06  (p>0.05) 


Fig.  1.  The  secretion  rate  of  the  rabbit  oviduct  (ml.  24  hr.)  before,  durinj;  and 
after  oral  administration  of  MFnt-25. 

MKT  HO  I)  .\N’l)  M.\TKRI.\LS 

.\  xy.'itein  for  prolonged  eolloetioii  of  ovddiiet  .seeretioiis  was  a|>])lied  to  N«“W  Zealand  Wliile 
ral)bits  weighing  3  to  o  Kjj.  Details  of  the  eolleetinn  system  and  the  principles  underlying  its 
us(‘  have  been  described  el.sewhere  (5).  .\nimals  were  hoiisi'd  in  separate  cages  and  received  a 
diet  of  Purina  chow  and  water  ad  lihitum.  .\fter  the  oviduct  secretion  rate  had  been  observed 
ov(“r  sever.al  days  to  establish  a  baseliiu',  22.5  mg.  of  MICH-2.5  suspended  in  olive  oil  (.50  mg./ 
ml.)  was  administered  by  mouth  daily  in  three  divi<led  doses  for  three  consecutive'  days.  The 
•laily  oviduct  secretion  rate  was  observed  for  at  least  .5  days  after  treatment  in  0  intact  ani¬ 
mals,  li  castrates  and  .5  estrogen  primed  castrates  (4  mK  of  estradiol  17  /3  S.  daily). 

KKSULTS 

.\mong  th('  intact  animals  there  was  a  significant  dccrea.sc  as  determined  by  analysis 
of  variance  (P  <0.0.5)  in  the  mean  daily  .secretion  rate  on  the  first  day  of  MF.H-25  ad¬ 
ministration  (Fig.  1).  The  mi'an  secretion  rate  diminished  further  during  treatment, 
reaching  its  lowest  point  in  the  first  24-hour  pi'riod  after  treatment.  A  n'turn  to  prc'- 
treatment  levels  followed.  .Vn  e.ssentially  similar  effect  was  observed  in  estrogen  primed 
castrates  (Fig.  1).  In  this  group  the  decrease  in  rate  became  statistically  significant  on 
the  second  day  of  treatment  (P  <0.05). 

In  castrates  which  did  not  receive  estrogen,  the  secretion  rate  increa.sed  during  .MKH- 
25  admini.stration  (Fig.  1).  'riu*  mean  daily  si'cretion  rate  bi'came  significantly  higher 
(P  <0.0.5)  on  the  third  day  of  treatment.  The  rise  continued  over  the  .succeeding  4  days 
and  fell  thereafter.  Fach  animal  was  subsequently  explored  to  confirm  the  absence  of 
ovarian  tissue. 

DISC'USSIO.N 

In  earlier  experiments  a  marked  decrease  in  the  secretion  rate  of  the  rabbit  oviduct 
was  observed  following  castration  (0).  In  the  castrate  the  secretion  rati*  increased  follow¬ 
ing  estrogen  administration.  'I'his  effect  was  observed  with  as  little  as  0.5  )ug  of  c'stra- 
diol-17  ji.  The  decreased  secretion  rateduring  and  afti'r  M  KH-25  administration  in  intact 
animals  and  in  estrogen  primed  c'astrates  can  be  interpreted  as  an  anti-estrogenic  effect. 
The  increase  in  the  secretion  rate  in  the  castrate  following  MER-26  administration 
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simulates  the*  response*  of  tlu*  oviduct  to  ostroKen.  This  ostrogt'iiic  e'ffect  of  an  antiestro¬ 
genic  a^ent  suggests  a  competitive  relationsliip  between  the  two  at  the  end  organ  site*. 

('hang  has  ohs(*rv(*d  that  pronuclear  rabbit  ova  continu(*d  to  cleave  aft(*r  having  been 
transf(*rre*d  to  the*  ovielucts  eef  ovariee*toniize*el  rabbits  (li).  It  is  unlikely  therefeere*  that  a 
ineeelification  in  the*  .secre*tie)n  rate*  of  the*  oviduct  e*ould  eef  itself  affe*ct  ovum  elevelopment. 
A  e*hang(*  in  se*e*re*tiem  rate*  might  assume*  imjeortane'e  if  ae*e*ompanieei  by  a  qualitiitive* 
change*  in  the*  se*cre*tie)ns  the*mse*lve*s.  Investigatiem  of  this  possibility  must  await  e*larifica- 
f  ion  e)f  the*  physie»le)gie*al  reele*  e»f  eevielue-t  se*cre*tions  in  re*pre)elnctie)n. 
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DIFFERENTIAE  EFFECT  OF  HYDROOEN  PEROXIDE  I  RON  THE 
HIOEOOK'AE  AC  TIVITY  OF  THYROID  STLMri.ATlNCl  HOR.MONE 
AND  EETEINIZINO  HORMONE 

ABSTRACT 

( (xieiatieen  eef  crude  j>e>re*ine*,  eevine*  e>r  beevine*  EH-ce)nt:imin:ete*(l  TSH  ])re*paratie)ns 
of  jeituitary  eerigin  feer  one*  hour  at  pH  5.5  and  reeoni  te*mpe*rature*  re*seilts  in  :in  ap- 
pare*nt  se*le*ctive*  inactivatieui  eef  the*  EH  contamiiient.  Partially  purifie*el  ovine*  TSH 
pre*paratie)ns  he*have*  similarly.  In  the*  case  e»f  partially  peirifie*el  beevine*  TSH,  heew- 
e*ve*r,  the*  ele'e-reaseel  EH  ae*tivity  is  accompanie*ei  by  a  significant  leess  eef  TSH  activit.v. 

-Vtte-inpts  tee  purify  anel  stuely  the*  physieeleegie'al  reele*  eef  thyreeid  stimulating  hormeene 
(TSH)  have*  be*e*n  hami)e*re*el  by  the*  elifficulty  with  whie*h  this  hormeene*  is  fre*e*el  freem  its 
meest  e*ommeen  heermeenal  e*eentaminant,  luteiiuzing  heermeene*  (EH).  Seene*nbe*rg  anel 
.Me)ne*y  (I)  have*  pre*pare*el  a  large*  numbe*r  eef  che*mie*al  ele*rivative*s  of  EH-e*ontaminate*d 
e  ruele*  TSH  iere*paratieens.  hut  we*re*  unable*  tee  eebse*rve*  a  se*le*e*tive*  inhibitieen  eef  e*ithe*r 
heermeene*.  C’eenelliffe*,  Rate*s  anel  Frajes  (2)  luive*  re*j)eerte*el  the*  re*mfeval  eef  a  high  lereejeeertieen 
eef  this  EH  e*eentaminant  freem  TSH  iere*|)aratieens  ley  me*ans  eef  the*  ieen  e'.\e*hange*r.  DIE\E- 
('e*llnleese*.  'Phis  re*peert  ele*se*rihe*s  a  simjele*  me*theeel  feer  the*  se*le*e*tive*  inae*tivatieen  eef  the* 
EH-ceentaminant  of  TSH  i)re*paratieens,  which  may  be*  eef  use*  tee  workers  inte*re*ste*el  in  the* 
l)re*pa  rat  ieen  eer  stuely  eef  bieeleegie*ally  [eure*  thyreeiel  stimulating  hormeene*. 

MATKRIALS  AND  MKTIieeDS 

'I'SH  peele*ne*\-  was  e*stiniate*el  freem  the*  I”-  ujetake*  eef  the*  thyreeiels  eef  2  elay  eilel  e*hie*ks  ae*- 
ceereling  tee  the*  me*theeel  eef  l.amtee*rg  (3).  I'.S.P.  thyreetreepin  was  e*mpleeye*el  as  the*  'I'SH  stanel- 
arel.  I..H  jeeetenev  was  eie*te*rmine*el  ley  the*  ovariitn  hype*rcmiie  methoel  eef  Ellis  (4),  e*xce*pt  tlieet 
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TmM.K  1.  TmK  KKI-'KCT  ok  |iII  n\  TIIK  SKI.KCTI  \  ITY  Ml'  IIVDUUCKN  l‘KltM\ll>K  m\IIiVI1m\ 


TSIl  1,11 


pH  of 
oxidation 

( >rigiiial 
S.A.* 
units/mg. 
protein 

S..\.  .ifler 
oxidation 
units/ mg. 
protein 

%  original 
activity 
remaining 

<  triginal 
S..\. 

units/mg. 

protein 

S..\.  after 
oxidation 
units/  mg. 
protein 

%  original 
activity 
remaining 

4.0 

O.ii 

0.3 

.50 

0.05 

0.008 

10 

. ') 

0 .  ti 

0 . 0 

100 

0.05 

0.t)04 

8 

7.0 

O.ti 

0.2 

33 

0.05 

0.030 

00 

9 . 5 

0 .  (i 

0. 1 

17 

0.t)5 

0.030 

00 

*  S.A.  Specific  Activity. 

1  inicroi'iirie  of  radio-iodinuted  scrum  albumin  was  admiiustcrcd  per  rat,  and  the  ovaries 
were  allowed  to  stand  in  IN  NaOH  overnight  ])rior  to  counting.  The  Lll  standard  emiiloyed 
was  NIH-I,H-S1,  a  gift  of  the  I-hidocrinology  Study  Section,  National  Institutes  of  Health. 
Oxidation  studies  were  carried  out  at  room  temperatun*  (22-24°  (').  The  reaction  was  termi- 
nati'd  and  peroxide  removed  by  immediate  dialysis  of  the  oxidized  preparation  against  large 
volumes  of  distilled  wat(“r  in  the  cold  (5-8°  (’)  for  48  hours  with  freiiuent  changes  of  water. 
The  dialyzed  preparations  wen‘  then  lyophilized  anil  stored  at  room  temperature  iirior  to 
use.  The  hydrogen  peroxide  emploved  was  a  30%  solution  (Maker). 

KK.SULTS 

Taltle  1  outlines  tlie  results  obtained  when  ]%  solutions  of  crude  bovine  jiituitary 
pri'parations  having  a  TSH  potency  of  0.0  units  mg.  and  an  LH  potency  of  0.05  units, 
mg.  were  made  1 .0.M  with  respect  to  hydrogen  peroxide,  and  oxidized  for  a  jieriod  of  one 
hour  at  various  conditions  of  pH.  .\t  pH  4.0  LH  activity  is  markedly  decreased,  but 
there  is  a  concomitant  loss  of  TSH  activity.  At  pH  5.5  tlii're  is  an  apitarent  selective  in¬ 
activation  of  LH  with  no  loss  of  TSH  activity.  Similar  ri'sults  have  been  observed  at 
this  j)H  when  oxidation  was  carried  out  in  0.1. M  instead  of  l.O.M  hydrogen  peroxide. 
Oxidation  in  l.O.M  peroxide  at  pH  7.0  and  9.5  also  leads  to  a  marked  decrease  of  both 
TSH  and  LH  activity.  The  data  suggests  that  oxidation  at  pH  5.5  j)roduces  the  highest 
degree  of  specificity  with  regard  to  inactivation  of  LH. 

When  the  crude  bovine  'I’SH-LH  j)rei)aration  emjiloyed  for  the  exjx'riments  outlined 
in  'fable  1  was  oxidized  in  l.OM  hydrogen  piToxide  for  three  hours,  or  in  2.0M  hydrogen 
peroxide  for  one  or  three  hours,  loss  of  both  hormonal  activities  was  observed. 

'fable  2  outlines  the  results  obtained  when  'fSH-LH  preparations  of  varying  jio- 
tenci(>s.  di'rived  from  porcine,  ovine  and  bovim*  i)ituitaries,  were  oxidized  in  l.OM 
peroxide  at  pH  5.5  for  one  hour  at  room  temperaturi'.  'fhe  'fSH  potency  of  the  crude 
porcine  material  appeared  relatively  unaffected  by  the  oxidation,  while  the  LH  ])oteney 


'f.YBI.K  2.  EkKECT  ok  HY1>KOOE.N  I’EROXIDE  OXID.YTIO.V  ON  THE  'fSH  .\.\1)  LH  I'oTE.MTES 
OF  eoKeiXE,  OVI.XE  .\.\H  bovine  I’KEe.YK.YTIO.NS 


t^ource 

fSH 

Lir 

( iriginal 
S.A.* 
units/mg. 
protein 

S..\.  after 
oxidation 
units/mg. 
protein 

%  original 
activity 
remaining 

( >riginal 
S.A. 

units/mg. 

protein 

S..\.  after 
oxidation 
units/mg. 
protein 

%  original 
activity 
remaining 

Porcine 

1  .0 

0.8 

80 

0.05 

O.OOi) 

18 

< )vine 

1  .0 

0.7 

7.5 

0.08 

0.007 

0 

( )vine 

3.7 

3.0 

81 

0.18 

0.008 

4 

Ho  vine 

1  .8 

O.ti 

33 

0.30 

0.020 

7 

Bovine 

0.0 

t).0 

100 

0.05 

0,004 

S 

.S..\. — Specific  .Activity. 


400 


NOTES  AND  COMMENTS 


Volume  0!) 


xv.Ms  Miarkcilly  <lccrc:iscil.  The  saini'  situation  ohtaineil  in  the  ease  of  ermie  or  nartially 
Itnrified  ovine  preparations.  Tlie  (|!it:i  iinlieate,  however,  that  p.arti.-illy  purified  hovine 
rSH  ( I  .s  units  mji.)  is  eonsideraixly  more  snseeptilile  to  o\i<l.Mtive  inaidivation  under 
tin'  e(»nditions  employed  th:in  is  thi'  ernde  ovine  imiti-rial. 

In  fnrtlier  studies,  oxhlation  witli  liydrosen  peroxide,  under  the  eonilitioiis  outlined 
above,  resulted  in  complete  inactivation  of  ovine  and  porcine  follicle  stimnlatiiifi;  hor-‘ 
mono  (FSH). 


DISCUSSIOX 

The  rt'snlts  prc'sented  here  are  at  variance  with  tin'  report  of  Alln'rt  (o)  who  found 
that  oxidation  resnlted  in  a  loss  of  TSH  activity  with  no  loss  in  fronadotro|)ie  activity. 
It  should  be  pointed  out,  howevt'r,  that  this  worker  employed  elemental  iodine  rather 
than  hydrof<en  pi'ntxide  as  the  oxidiziiifi  asent.  AlthouKh  few  conclusive  deductions  can 
be  drawn  on  the  basis  of  work  with  crinh'  hormonal  jxreparations,  it  is  interesting  to  note 
tin'  varyiii}!;  ('ffect  of  peroxide'  oxidation  on  jxreparations  from  diflferent  spe'cies.  Al- 
thounb  EH  is  inactivated  to  a  much  greater  dcKree  than  is  TSH  in  any  of  the  pre|)ara- 
tions  studied,  it  is  ap|)arent  that  j)artially  purified  bovine  TSH  (1.8  units  mu.)  is  more 
susceptible  to  inactivation  than  is  partially  purified  ovine  TSH  (3.7  units  mg.).  The 
(d)servation  that  the  pituitary  glycoprotein.s,  f’SH  and  EH,  an'  extremely  susceptible  to 
pt'roxide  inactivation,  while  TSH,  which  is  also  a  glyco|)rot('in,  is  not,  may  also  be  of 
significance. 
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It  is  a  pleasure'  tee  ackneewh'dge'  the  able  te-chnical  assistance  eef  Miss  Vivian  Tate, 
Mr.  William  Eugate*  and  Mr.  William  Newe'll  in  this  weirk.  (Iratitude  is  alse»  expre'sse'el 
tei  Dr.  A.  E.  Wilhelmi  fe»r  a  e-ritie-al  re'ading  eif  the'  manuse'ript. 
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'rii(“  44tli  Annual  Mc'c'tinfj;  will  la*  h(*l<l  .lunu  21  2:1,  11)()2  in  tla*  I’alnu'r 
'  llousn,  ('hicafio,  Illinois. 


AMERK'AX  UROLOdK'AL  ASS()('IATI()X,  IX(\ 

Trology  Award 

I  'rii(‘  Anu'rican  Urolofiiical  Association  ofTcrs  an  annual  awanl  of  SIOOO 

(first  prize  of  SoOO,  si'coml  prize  and  third  prize  8200)  for  (*ssays  on 

the  result  of  some  clinical  or  laboratory  research  in  Trolo^.v.  Competition 
is  limited  to  Urolo^if^ts  who  have  Ixam  {jraduatc'd  not  more  than  tern  years, 
and  to  hospital  inti'riu's  and  r(‘sid(*nts  doing  clinical  or  laboratory  r<‘s('arch 
work  in  Urology.  Animal  r(‘s<‘arch  is  not  lu'cessary. 

Th(‘  first  priz(“  (‘.s.say  will  app(‘ar  on  the  program  of  tlu*  forthcoming 
nu'cting  of  the  .\m(*rican  Urological  Association,  to  be  h(*ld  at  th(*  Rellevue- 
Stratford  Hotel,  Philadelphia,  P<‘nn.sylvania,  May  14-17,  19(52. 

Kor  full  particulars  writ(*  the  Ux(‘cutive  S(‘cr(*tary,  William  P.  Didusch, 
1120  Xorth  Charles  Strc'ct,  Baltimon*  1,  .Maryland.  lOssays  must  lx*  in  his 
hands  Ixdon*  Xovemlx'r  lo,  19(51. 


SK(X)XI)  AXXUAL  MKKTIXC,  OF  THF  MEXKWX 
SfKdFTY  OF  XUTRITIOX  AXI)  FXI)0('RIX0L0(;V 

The  Second  .Vnnual  Meeting  of  the  M(*xican  Soci(‘ty  of  Xutrition  and 
l‘]ndocrinology  will  lx*  held  at  San  .lose*  Puma,  Michoacan,  M(‘xico, 
Xov(*mber  24-2'),  19(51.  Short  communications,  limit(*d  to  lo  minul(*s  will 
lx*  pr(‘s(*nt{‘d  in  Spanish  or  English.  Ab.stracts  not  excec'ding  :io0  words 
should  b(*  submitt(‘d  by  August  .‘list,  19(51,  Bas(*d  on  th(*se  abstracts,  pap(*rs 
will  lx*  s(*lect(*d  for  oral  pr(*.s(*ntation. 

Th(*  full  t(*xt  ajid  figur(*s  of  the  accept<*d  papt*rs  will  lx*  r(*produced  ami 
made  availabh*  to  each  participant  at  the  lx*ginning  of  tlx*  m(*etings.  l*]ach 
compl(*te  t(*xt  must  th(*r(*fore  lx*  in  the  hands  of  tlu*  S(*cr(*tary  by  October 
S,  19(51. 

•Vdditional  information  r(*garding  the  m(*eting  and  hot(*l  accomnuxlations 
can  be  obtaim*d  from  tlu*  S(*cr(*tary:  Dr.  Carlos  dual.  Hospital  d<*  hhiter- 
medades  de  la  Xutricion,  Calle  Dr.  .Jimenez  2(51,  Mexico  7,  D.F. 
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Ni: r H () i:x !)()(' H I \( )L()( ; y  s v m p( )s i r m 

'I'Ik'  i‘]n(l()crin()l(>ny  Study  Section  of  tlic  \:ition:d  Institutes  of  Health 
is  sponsoring  a  Syinposiuin  on  Ncatnaaidoerinolony  to  he  held  on  l)(*eeml)(“r 
(),  7,  and  S,  IRtil,  at  Miami,  Florida.  I’eKist ration:  December  ."i  (noon  to 
():00  P.M.).  Opening  meeting:  l)ec(‘mt)(‘r  (i,  1):()()  a.m.  Those*  inter('st(*d  in 
attending  should  addre'ss  r<‘(piests  for  room  reservations  to: 

X(‘uro(‘ndocrinology  Symposium 
The  X<‘\v  J'X'i'fglades  Hotel 
Miami,  Florida. 

By  spc'cial  arrangt'ment  single*  rooms  will  cost  .§S.()(),  re)oms  with  twin  l)e*els 
anel  elouhle*  occupancy,  .S12.()0.  The*se*  rate*s  will  also  pre*vail  for  a  pe*rioel  he*- 
fore*  anel  afte*r  the*  me*e*ting,  anel  the*  hote*!  manage*me*nt  shoulel  he*  contacte*el 
for  ele*tails.  For  information  on  the*  symposium  anel  for  a  program  contact 
A.  V.  Xalhanelov,  102  .\nimal  (le*ne*tics,  rnive*rsity  e)f  Illinois,  Urhana, 
Illinois.  Total  attenelance*  at  the*  me*e*ting  will  he*  limite*el  to  about  200 
pe*rsons  anel  re*se*rvalie)ns  for  reeoms  will  he*  ace*e*pte*el  by  the*  hote*l  e)n  a  first- 
e'ome*,  first -se*rve*el  basis  afte*r  May  1. 

I)Ke'KMHKK  t).  7.  S.  Ittlil 

Tm;  New  EviaeeiLADKs  IIoti;i.,  .Miami,  Elouida 

1.  I*i<»li(>!;uc 

Speaker:  R.  T.  Hill 

2.  Ilypethalainie  afferi'iits  (liinhie  system,  ri'tieiilar  I'oriiiatinii,  atTereiits  from  mid- 
hraiii,  cortical  afT(*rents) 

Speaker:  \V,  ,1.  H.  Nauta 
Discussant:  1*.  1).  .Mac Lean 

Vascular  connections  het\ve*en  liypotlialainus,  post<*rior  and  anterior  pituitary  {iland 
S|)eaker:  .1.  Landsineer 
Discussant:  H.  Duvernoy 

1.  Neuroliypoiihyseal  secretions  anil  their  ori<;in 
Sjieaker:  W.  H.  Sawyer 
Discussants:  S.  \V.  Smith 

r.  F.  Leveipie 

Central  nervous  system  and  the  secretion  and  release  of  .VC'lTl 
Speaker:  W.  F.  (Janoiif!; 

Discussants:  R.  II.  Efjdahl 

FL  .M.  .Anderson 

ft.  CNS  and  the*  secretion  and  release  of  TSII 
Sjieaker:  S.  .\.  D’.\nKelo 
Discussant:  (1.  W.  Harris 

7.  CNS  and  the  secretion  and  release  of  LH  and  FSH 
Speaker:  H.  Fh'rkd 
Discussants:  ('.  .\.  Harracloufth 
(L  W.  Harris 

S.  CNS  and  tin*  secretion  and  release  of  prolactin 
Speaker:  .1.  .Meites 
Discussants:  S.  J.  Folle*y 
.\.  S.  Parkes 
H.  N.  Hruce 


.\uyuK{,  I'.KH 
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i).  Physiology  of  tin*  pituitary  filaiul  as  atTccttal  hy  transplantation  or  stalk  transoction 
Spoakor:  .1.  W.  Evorott 
Discussants:  R.  K.  Meyer 

H.  Courrier 
V.  C’ritehlow 

A.  V.  Nalhandov 

10.  Recent  advances  in  the  chemistry  of  neiiroemlocrine  chemical  mediators  orifiinatin<; 
in  the  ('NS 

Speaker:  R.  (Juillemin 
Discussants:  .1.  (’.  Porter 

S.  D.  Mc('ann 

I  I.  Role  of  peripheral  nervi's  in  the  fnnclion  of  fionads,  accessories  and  duct  systems 
Speaker:  R.  M.  Mt'lamjjy 
Discussants:  R.  T.  Hill 

\.  V.  Nalhandov 

12.  Role  of  lifjht  on  the  neuroimdocrine  system 
S|)(>aker:  V.  ('ritchlow 
Discussant:  A.  Wolfson 

Kk  Pharmacology  of  neuroendocrine  blocking  agents 
SjM'aker:  P.  1>.  Munson 
Discussant:  ('.  H.  Sawyer 

14.  Human  neuroendocrinology 
SjM'akc'r:  ('.  Lloyd 
Discussants:  .\.  K.  RakofT 

I.  .Mirsky 

lo.  Concluding  Session:  Synthesis  and  summary  of  symposium 
Spt'aker:  R.  ().  (Ireep 


TIIK  THIRTEENTH  ANNUAL  POSTGRADUATE 
ASSEMBLY  OF  THE  ENDO(’RINE  SOCIETY 
EN I )()( URINOLOGY  AND  METABOLISM 

The  ('linicdl  ("enter,  Bethesda,  Miirifhind 
Oetoher  2-0,  1961 

I’ROdHA.M 

Cliiiirmcii:  Du.  Hoy  Hkhtz  and  Du.  F.  ('.  Hauttku 

MotKliii/  Morning,  October  2 

S :()()-  1(:00  Rcgi.'itration 

PiTUITAUY  AND  H YPOTH ALAMUS 

('liairmau:  Dr.  (’harlos  \V.  Lloyd 

0:00-  Kxpkuimk.ntal  Studiks  in  Nkiuo-I^ndocuini;  Rklationshii’s 

Dr.  Kvelyn  .VndiTsoii 

9::L'>-10:00  Chkmistuy  ok  Rityitauy  Houmonks 

Dr.  Peter  Condliffi' 

10: 10-  10:4')  Rioa.ssay  and  Fu.nction  ok  PrniTAUY  Houmonks 
Dr.  Robert  Hati's 
10:45-1 1  :00  Intkumission 

I  1  :00-l  1  :40  Clinicak  Disoudkus  ok  .\ntkuiou  Pituitauy 

lir.  (Iriff  T.  Ross 

II  :40-12:20  Clinical  Disoudkus  ok  .Mid-Buain  and  Postkuiou  Prri  ri  AUY 

Dr.  ('liarles  \V.  Lloyd 

12:20-  1  :00  [Lndocuink  Kkkkcts  ok  Hypoi'iiyskctomy  and  Stalk  Skition  in  .Man 
Dr.  .M.  H.  Lipsett 
1:00  2:00  Lunch 

Monday  Afternoon 

2:00  -  5:00  Cask  Pukskntations  -  Pankl  and  Discussion: 

Disoudkus  ok  Mid-Rhain,  Postkuiou  Pituitauy  and  .\ntkuiou  Pi- 

TUITAUY 

Drs.  Lipsett,  Lloyil,  Ibirtter.  Ross.  .MeCulla(j:li 

5 :;}()-  0:;i0  Cash  Rah  Cocktail  1’ahty  and  Rkckption — Navy  Dkkicku’s  Cluh 

Tinxday  Morning 

Pauathyuoid  Disoudkus 

(’liairinan:  Dr.  F.  Rartter 

0:00-  0::10  .Mktabolic  Kkkkcts  ok  Pauathyuoid  Houmonk 

Dr.  F.  C.  Rartter 

0  ::10- 10 :00  Hypkhpauathyhoi  dism 

Dr.  F.  R.  Keatinn 

10:00- 10  ::b)  Hypopauathyhoidism 
Dr.  F.  Ennel 
1 0 : 30- 1 0 : 45  1  ntkum  ission 

10:45-1 1  :15  Ostkopohosis 

Dr.  Donald  Wliedon 

11:15-11:45  .Mktabolic  Ronk  Diskask  (Otiiku  than  Ostkopohosis) 

Dr.  F.  C.  Fbirtter 
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11:45-12:15  Cauium  Mktakolism  in  Sakcoidosi.s 

Dr.  Norman  Bell 

12:15-  1:00  I’ankl  an’d  Cask  Pkkskxtations 

Drs.  Bartter,  Keating,  Whedon 

1:00-  2:00  Lunch 

TuentUiii  Afternoon 

Disoudkks  ok  (’ahhohyi)Uati;  Mktahoi.ism 
('hairman:  Dr.  K.  Berry  Me('ullaKh 
2:00  2::10  C'arbohydratk  Mktaholism 

Dr.  DeWitt  Stetten 

2::}0-  5:00  Insulin — Mkchanisms  and  .Vssays 

Dr.  .1.  Field 

5:00-  5:50  Clinical  Csks  and  .Modi;  ok  .Vction  ok  Syntiiktic  11m>oolyci;mic 
.\gknts 
Dr.  F.  Lukens 
5:50-  5:00  Pankl — ('asks 

Drs.  .Me('ullafili.  Lukens.  Fiidd,  lintel 

W  ednetoloj/  Morni ng 

ProRLKMS  in  BkRRODUCTION  and  CloNADAL  FUNCTION 

('hairman:  Dr.  Hoy  Hertz 

0:00-  0:50  Thk  Intkrprkt.ation  ok  Tksticular  Biorsiks  and  Skx  Chromatin 
Pattkrn  Tksts 
Dr.  \V.  O.  N(“lson 

0:50  10:00  .Mktaholism  Kkkkcts  ok  .(ndrocknic  and  Prockstational  Sti.uoid> 

Dr.  Hiehard  Landau 

10:00  10:50  Clinical  Sy.vdromks  ok  '1'ksticular  .M alkormation  and  Dyskum- 

TION 

Dr.  K.  P.  MeCullanli 
1 0 : 50- 1 0 : 45  I  ntkrmission 
10:45-11:50  Skxual  Prkcocity 
Dr.  Roy  Hertz 

1 1  :50  12:15  Hirsutism,  Stkin-Lkvknthal  and  Hklatkd  Syndro.mks 

Dr.  M.  B.  Lipsc'tt 

12:15-  1:00  Hormonal  Hklations  uktwkkn  .Mothkr  and  Fktus  in  I’rkgnancy 
Dr.  ('laude  .MiK«‘on 
1:00  2:00  Lunch 

W'edne.vlnn  Afternoon 

('hairman:  Dr.  Henry  'riirner 

2:00  2:50  (Ionadal  Dysgknksis  in  Phknotyric  Fkmalks 

Dr.  Henry  Turner 

2:50  5:00  Skcondary  .\mknorrhoi:a 

Dr.  ('l)arl('s  \V.  Lloyd 

5:00  5:00  Fkrtility  and  Stkrility 

Dr.  ('el.so-Ramon  (lareia 
5 : 50-  5:00  Pa n kl —  ('asks 

Drs.  .Me('ullash.  Turner,  (lareia,  Mineon,  Hertz,  Lloyd 

0:00  Cocktails  (('ash  Bar)  Dinnkr  kor  Hkgistrants  and  Faculty,  Navy 

Okkickr’s  ('lur 

Th  nrsdag  .1/ orn  ing 

Thyroid  Disordkrs 
('hairman:  Dr.  Rulon  Hawson 
9:00-  9:50  Kxpkrimkntal  Thyroid  Tumors 
Dr.  S.  Wollman 
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Voluun  (H) 


10:30 

10:30-10:45 

10:45-11:15 

11:15-12:15 

12:15-  1:00 

1 :00-  2:00 


'rilVKOIl)  C'axckk 
Dr.  Hiilon  Rawsoii 
Intkrmissiox 

Thyroxin  Analocuks — Thi;ir  I’ropkrtiks  and  I'sks 

Dr.  S.  .Vsper 

Kvaluation  of  Mkdk’al  Thkrapy  of  Thyroid  Diskasi; 

Dr.  F.  R.  Kcatiiifi 

Thyroxin-Rindino  Frotkins  in  Iodink  .Mktarolism 

Dr.  J.  Robbins 

Lunch 


Til  iinidni)  . \fUruoon 

Thyroid  (roiitiuiinl) 

('hainnan:  Dr.  H.  Dobyns 

2:00-  3:00  Indications  and  1’roci;duri;s  for  Thyroid  Surokry 

Dr.  H.  Dobyns 

3:00-  3:30  .Vutoim.munity  Studiks  in  Thyroid  Diskasi; 

Dr.  J.  Robbins 

3:30-  5:00  Casks  and  Pankl 

Drs.  Rawson,  Dobyns.  .Vs))i‘r.  Keating.  l{obbins 


Tridni/  Morning 


0:00-  0:30 

0:30- 10:00 

10:00-10:30 

10:30-10:45 
10:45-11 :15 


1 1  :L>  1 1  :45 


1 1  :45-l2:15 
12:15-  1:00 
1:00-  2:00 


.Vdrknal  Disordkrs 
('hainnan:  Dr.  F.  ('.  Hartti'r 
.\drknal  Physiology 
Dr.  Claude  .Migeon 
Tksts  of  Adrknal  Function 
Dr.  H.  Kliinan 

.  V I )  R  K  N  A  L  1 N  S  u  F  F I C I K  N  C  Y 

Dr.  J.  Beck 

Intkrmission 

Hyrkradrknocorticism  with  RksI'KCT  to  Hydrocortisonk 

Dr.  F.  Kngel 

HyI’KRADRKNOCORTICISM  with  RksI'KCT  to  .Vldostkronk 

Dr.  F.  ('.  Hartter 

HyI'KRADRKNOCORTICISM  with  RksI'KCT  to  .Vndrogkns 
Dr.  ('laude  Migeon 
Pankl  and  ('asks 

Drs.  Hell,  lingel.  .Migeon,  Klinian,  Heck.  Hartter 

Lunch 


Tridaif  Afternoon 

2:00-  3:00  I'.ndocrink  .\si*kcts  of  thk  ('anckr  Prorlkm 

Dr.  Roy  Hertz 

3:00-  3:45  Lii'ID  .Mktarolism 

Dr.  1).  Fredrick.son 


FA('rLTY 

Kvkly.n  .V.ndkrson,  M.D..  ('hief.  Section  on  Kndocrinology.  National  Institute  of 
.Vrthritis  and  Metabolic  Diseases.  Hetliesda,  Md. 

Samukl  P.  .Vsi'KR.  .Ir..  .M.D..  The  .lohns  Hopkins  Hospital.  Haltiiliore,  Md. 

Frkdkric  ('.  Harttkr.  .M.D..  ('hief.  ('linical  Kndocrinology  Branch.  National  Heart 
Institute.  Hetliesda.  .Md. 

Rorkrt  Hatks.  Ph.D..  Kn<locrinology  Section.  National  Institute  of  .\rthritis  and 
.Metabolic  Diseases.  Hetliesda.  .Md. 

.1.  ('.  Hkck,  .M.D..  Royal  Vi<-toria  Hosjiital.  .Montreal,  ('anada 
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Xduman  H.  I4i;i,i.,  .M.I).,  Clinicitl  l-Jidocrinolof^y  Hiiiiicli.  Natidiial  Heart  Institute, 
I4('tliesilii,  Md. 

I’l  TK.n  (J.  CoNui.iKKi:.  M.I).,  l,:dt(ini(nrv  <>l'  N'iilritii)n  and  Hndoeriiidloffv,  Natinnal 
Institute  (if  Arthritis  and  Metaliolie  Diseases,  Metliesda,  Md. 

ItiniWN  Dciiiyns.  .M.I).,  I*m.I).,  Associate  Professor  of  Sur';erv,  WCstein  Heserve  I  ni- 
versity  School  of  Medicine  and  Assistant  Director  of  Snr^jery.  Metropolitan  (Jeneral 
Hosjiital,  Ch'veland,  Ohio 

Fkank  L.  Kngkl,  M.D.,  Professor  of  M»“dieine  and  Associate  Professor  of  Physiolo}>y. 
Director,  Division  of  Hndocrinolof>;v.  Duke  I’niversitv  Medical  (’enter,  Durham, 
X.  ('. 

1).  S.  Kkkduickson',  M.I).,  Clinical  Director,  National  Heart  Institute',  Hethesda,  .Md. 

('klso-Ramon  (lAHCiA,  M.D.,  'I'he  W’orcesP'r  Foundation  for  lixpt'riinental  Hiolo<i;y, 
Shrewsbury,  Mass. 

Hoy  Hkutz,  M.D.,  Ph.D.,  Chief,  luidoerinolo'jy  Branch,  National  Cancer  Institute', 
Be'the'sela,  Md. 

F.  R.  KK.YTiNG.  .Ik.,  .M.I).,  .Mayo  Clinic,  Rochester,  .Minn. 

Bkknaho  Kliman,  .M.D.,  ('linical  Kndocrinolo''y  Branch,  National  He'art  Institute', 
Be'the'sela.  Mel. 

Riciiaud  L.  Landau,  .M.D..  Preife'ssor  eif  .Me'elicine',  Cniversity  eif  ('hicafjei  Seheieil  eif 
Me'elicine,  Chicafjei,  111. 

.M.  B.  Lii'sktt,  .M.D..  .Assistant  Chie'f,  Fnelocrineileiffy  Branch,  Natieinal  Canee'r  Insti¬ 
tute',  Be'thesela,  Mel. 

Chaklks  W.  LLeiYD,  M.D.,  Preifesseir  eif  Obste'trics  (Fndeie'rineileifjy)  anel  .Asseie-iate'  Prei¬ 
fe'ssor  of  Me'elicine,  State  Cniversity  eif  New  Yeirk,  I'listate'  .Me'elical  Ce'ute'r,  Syra¬ 
cuse,  N.  Y. 

Fuaxcis  1).  \V.  Lukk.ns,  .M.D.,  Profe'ssoreif  Me'elicine  anel  Dire'cteir,  (le'eirt>;e'  S.  Cox  .Me'el- 
ie'al  Rese'arch  Institute',  CniYa-rsity  eif  Pennsylvania,  Philaele'lphia,  Penn. 

F,.  I’kkky  .Mc(’ullagh,  M.D..  He'ael,  Se'ctiein  eif  Fneleicrineileifjy  anel  .Metalieilism,  ('h've'- 
lanel  Clinie',  C’levelanel,  Ohiei 

Claudk  J.  MiGv;eix,  M.D.,  .Asseie'iate'  Preifesseir,  De'partme'ut  eif  Peeliatrie's,  .leihns  Heip- 
kins  Me'elie'al  Scheieil,  Baltimeire,  .Md. 

Wakrkx  ().  Nklsg.n,  .M.D..  Pu.D.,  .Me'elie'al  Dire'e-tor,  The  Peiiiulatiein  Ceiuncil.  Ine'., 
Reicke'fi'ller  Institute',  New  Yeirk  City. 

RuLeiN  \V.  Rawson,  M.D..  Fxe'cutive  OHieer,  Di'jiartment  eif  .Me'elicine,  .Meineirial  Cen- 
te'r.  {’hie'f,  Divisiein  eif  C’linie-al  Inve'stination,  Sloan- Ke'tterinjt  Institute',  Ne'w  A'eirk 
('ity 

.lAceiH  ReiHHiNs,  Al.D.,  ('linical  F-neloe'rineileisy  Brane  h,  National  Institute'  eif  .Arthritis 
anel  Metalieilie  Diseases,  Be'the'sela,  Mel. 

(luiKK  T.  Reiss,  .Al.D..  Pu.D.,  Fneloe-rineileisy  Branch.  National  Canee'r  Institute',  Be'¬ 
thesela,  Mel. 

DkWitt  Stkttkn,  Jk,,  .Al.D..  Pu.D.,  .Associate  Directeir  in  Charffe'  eif  Re'se'are  h,  Na¬ 
tional  Institute  of  .Arthritis  anel  Metabolic  Dise'ase's.  Be'the'sela.  Mel. 

Ili'.NKY  H.  Turnkk,  M.D.,  ('linical  Preife'sseir  eif  Me'elicine,  I'nive'rsity  eif  Oklaheiina 
Scheieil  eif  Me'elicine;  (’hief,  F.nelocrine'  ('linie',  Cnix-ersitv  Hosiiital,  Oklaheiina  ('itv, 
Okla. 

(1.  Donald  Wukdon,  M.I).,  (’hief,  Me'tabeilie'  Disease's  Branch.  Natieinal  Institute'  eif 
■Arthritis  anel  Metalieilie'  Dise'ase's,  Be'thesela,  Mel. 

SnYMeiUR  H.  W’ollman,  Pu.D.,  Laborateiry  eif  Physieileifty.  Natieinal  (’anee'r  Institute', 
Be'thesela,  Mel. 


liegiKirntioti 


( ;  KN  K  R  A  L  1 N  FOR  M  .AT  ION 


S:0()-9:00  a.m,  .Aueliteirium,  Clinie'al  (’enter,  Builelins  10,  Natieinal  In.stitutes  of 
He'alth. 

Registration  will  be  eompleteel  in  aeh'ane'e  by  mail.  Re'^i^^trants  will  simjily  hanel  in 
their  ree-eipted  registration  card  as  tlu'y  enter  the  .Auelitorium.  Late  re'gistrants 
will  be  aee'eimmeielated  betwe'en  S:0()  anel  9:00  a.m,,  Monelay,  Oe'teibe'r  2. 
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Volume  fill 


I'r, 

('((iirsc:  SKMl.dO  (  Kflldws  ;iinl  l{«‘si<lcnts  S;{(I.(K() 

I  ):iily ;  S25.0d 

I'liis  IVc  covers  tuition.  cotTee  l»re:(ks,  Wednesday  dinner  for  refjistrants  and  faculty. 
Houaiug 

lilock  reservations  are  Imuiik  lielil  until  Sei)t<‘inher  15  for  course  registrants  and 
faculty  at  the  following  nearby  motels: 

Hethesdan  Motor  Hotel 
774(1  Wisconsin  Avenue 
Hethesda.  Maryland  Tel:  Oh  (>-21(10 

Intown  Motor  Hotel 

Wisconsin  Avenue  anil  Hradley  Boulevard 
Hethe.sda.  Maryland  Tei:  OL  4-1400 

Individual  registrants  and  faculty  members  must  complete  their  own  arrangements 
for  housiiifi  by  direct  correspondence  with  these  or  other  nearby  motels,  ('ab  service  to 
XI H  is  available  at  nominal  cost.  Housing  arrangenumts  are  the  individual’s  own  re¬ 
sponsibility.  Reservations  should  be  completed  at  least  1  month  in  advance. 
Ke(ristration  for  the  course  shoulil  be  completed  by  hdter  and  chi'ck  to: 

Dr.  Roy  Hertz 
Room  i2-X-2()2.  BIiIk.  10 
Xational  In.stitutes  of  Health 
Hethesda  14,  .Maryland 


I'.nrollment  limited  to  lOO. 
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PHKSKXTATIOX  OF  (MOHTIFK’ATF  OF  MKHIT  OF 
TIIF  FXIKK'HIXF  SO(MFTV 

Hcnnj  //.  Turner,  'riic  FiKlocriiic  S()fif*ly  lias  tliou^lit  ol  you  so  oftc'U 
for  so  many  years  aiul  Ix'iai  so  Kialeful  lo  you  that  it  seeius  about  time  to 
put  some  traciufj;  of  this  ref?ar(l  down  on  formal  i)aper.  W’e  eeh'hrati*  this 
oeeasiou  here'  tonight.  Physician  sima*  lt)2l,  you  havi*  practiced  (“iido- 
crinology  from  the  difficult  days  wh(*n  tools  were  poor,  to  the  more  abun¬ 
dant  presc'iit  when  tools  ar(“  better,  .\mong  otlu'r  contributions,  an  ac¬ 
count  of  yours  in  193S  brought  attention  to  a  syndrome  which  has  had 
incessant  study  and  which  now  serves  to  show  more  of  the  (‘sscmtials  of 
man’s  organization  than  was  thought  comprelumsibh'  (‘vc'ii  five  y<'ars  ago. 
Teaclu'r  .since  1924  at  the  Univc'rsity  of  Oklahoma  and  wher(‘V(*r  el.se  our 
Society  and  many  otlu'rs  have  calhal  on  you,  you  have*  instructed  in  the 
nece.ssary  examination  of  disease.  Citizen  since  birth,  you  hav(‘  beem  a 
willing  participant  in  the  work  of  the  world,  both  at  home  in  Oklahoma 
City  and  outside,  wherev(>r  affairs  have  taken  you.  Sc'cndary-Tn'asurer 
of  The  hhidocriiu'  Socic'ty  .since*  1941,  by  a  genius  for  arrangements  you 
have  held  us  all  togeth(*r.  .\nd  .so  we  conu*  to  this  C(*rtiticat<*  of  Merit  of 
Tlu*  ICndocrine  Society.  B{*cau.se  you  have  be(*n  a  good  f(*llow  and  ('iijoyed 
all  of  this  hard  work  mightily,  we  shall,  in  our  thoughts,  tie*  this  redl  eif 
j)archme*nt  lightly  in  a  gay  ribbon  as  we*  wish  yeiu  we*ll,  anel  adel  a  che*e*r  tee 
all  the*  .sole*mn  worels. 


(’HAXC.F  OF  PUBLISH  Fits 

Feillowing  I)e*e*e*mbe*r  dl ,  19()1,  The*  hlnelocrine*  Se)e*ie*ty  Ine*e)rpe)rate*el  will 
a.ssume*  publication  of  I^XDOC’H IXOLO( anel  The*  .Ie)urnal  e)f  (’LlXl- 
(’AL  FXDOCHIXOLOOV  anel  .MFTABOLIS.M.  All  matte*r.s  anel  e-enre*- 
sponele*nce*  re*lating  to  subscriptions,  back  ve)lume*s,  re*print.s,  anel  aelve*rti.s- 
ing  may  be*  aelelre*sse*el  to  the*  ICxe*cutive*  Se*cre*tary,  The*  huuloe’rine*  Se)e'ie*ty, 
Inc.,  1200  X'orth  \Valke*r  Stre*e*t,  Oklahe)ma  (’ity  d,  Oklahoma,  fe)lle)wijig 
l)e*e*e*mbe*r  :H  ,  1901 . 


KRRATr.M  NOTK'R 

III  till*  .July  R)()l  issue*  of  liNDOCRIXOLOd^’  tlu*  M(*i}*;s  and 
article*  runninfj;  lie*ael  slieuild  have*  re*ael  “('e)rlie*e)ste*re)id  Me*tal)e)lisni.” 


•lit) 


